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ful for screening Ubran« of syntt^c DNA 

test sequences. The . and re i at ive DNA- 

mining the : sequence specW mokcul for 

binding ^V^eauence. The assay ts a 
any particular DNA of a tes t mole- 

cule to a DNA tes t seq . di prote in to its 
characteristics of a DNAmn b ^ ^ 
binding sequence. ^equilibrium of *e 
binds the test sequence £ e * Aed> generating 
DNA:protein complexes is n ° d DNA a nd 

DNA screening sequence. 
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Otter small m Mve app iicai» inomyc in. 

S °"ents including actinomycxn I>, ae 
antitumor ag~ ■ le)JU planar «- • 

contain 

dlst a»ycin, and «1 ond -ol^es * 

atSl idiu» and a«xd« ^ a t „ tl t ^ ^ 

heavy metals. J^ R _ binaiT1 a molecules do not & ^ 

Host DM * erence. However. «>ere 

molecules that P-ferent" "V ^ 
— * T£££U sequences, for ^£^00(^)1 
806011 t !aSy hind, the aeouence UW« linM a 

pref erentJ-alW _ cisp latin oovalently ^ aajaoe „t 

< GlU>ert lle^a between the » atoms o* t ^ 
pla tinum mo^ „ at a l.>, a^ 

d eoxyguanosxnes ^ ^ cleaves se«u 

preferential therapeutic 
cells, * auC ing the number of pot e5 is 

-r.'rr»" « tris. - - 

. the nonsp cx 

35 acquired, tne 
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6 ™,A-binding molecules • 

„,_„ therapeutic DNA ° aot ivity in 

may decrease. on «elr therapeutic a 

a Biological 8ore i8 a need for an « ^ 

s -e f ux-^ a £ ° ay ^ all o«e ^ ^« 

a ^ finding preferences of ^ allows the 

.eguence bin * need tor an assay OHa - b indlng 

^aditionalW. ^ e relative affini^ ° f * D is a 

— ?sr. ~- - »^-^ y ^=ifi= - 

" reedtol £erapeutic molecules ~* 

- - r^ on provides . -Vre^ed 
™ rlpo-^ cap^le of ^ 9 ^ olves adding 

-° leCUl ^oeT. OK,. fining «» 

tBS \ S ^ « be screened, or «J^£ eB ^eludes a 

-trJT-a ^ding ^ \^ that * 
-«"»-• - DNA with a bind«9 ^ 8equ en=es 

^ ^r^e adjacent stances 
preferably sequence th D(IA binding 

adjacent the b se( jaences. * ut ' to Bacn t st 

Pr0tel l when the test seguence « . dupl e* l» 

8 eauence, «be^ syste m furth« aaja =ent ne 

^""" screening and test seguenc ^ ^ ^ 
naving the s Bin ding protein is pr ^ 

ano^er. **■ seouence ^^.^ t st 

t*at « tUr3 T iTe is in«*ated in contact ^ ^ 

The test molecule i t „ permit bind g 

system for a perl°* = „ tte test eeguence » ^ ■ 
molecule finding protein bound t tbe 

DMA. Tbe amount of 
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7 f the test 

L \I^cr mature. secI uence/binding protein 

nolecule ™ ^ scr eaning »egue origin of 

CSndi «d from tne f°H°»«> ^ 'JJ' VZV origin 
« bS Sel 7^. HSV origin of repii^on/^ ^.^,,, 

of rwiwf* 1 enna „cer/NFAT-l, HIV 

lnterl !r^BV ennancer/m*-!. DKMprotein 
LTR/W*B. 118 and essentially any ° tnMr 

lambda oW" 0 ' ■ mention 

L0 interaotions ^ 

ttt q orotein, or DNA-»ina * x 
ut ili,es tna P* binalng se9 uence 

herefrom, and xts ^ ^ „ BOI « ^ 

- ^est^ences - «J^ST^-«- - 

8hot -gun appro ^ seguencesj* » Dtaspr otei» 

chosen. s ° ing seguences mvoiv n f 

delude the -""; r ; gin of replication, 

wpv origin of 

20 ^Ttr" VZV origin of HBV enhancer, 

replication, ^ 2 enhancer, HIV ^ 

replication, * x ** eX Furthermore, a set o* 

and fi**-*^^'^ Possible seguen- of ^ _ 

25 length x ;°^e aU method, fetection assay, 

J^an be accomplished usxng a »* assay, 
fr ee D*A can assa y, a f xlter 

rrTc^e/detection assay. /dete ction assay. 

r« one embodiment of the ° NA c * tein is captured, 
Teh "e DKA that is not bounce pr ^ Qf 

in which tn evolves the doe£J not 

c ; p :r:i^n\he « ( : c z — « 

nucleotxde vxth to bi nd t 

eliminate the P^ 
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sequence, (ii) that is capable of binding streptavidin, and 
(iii) where the biotin moiety is protected from 
interactions with streptavidin when the protein is bound t 
the screening sequence. The capture/detection assay als 
involves the detection of the captured DNA. 

in another embodiment of the DNA capture/detection 
assay, the capture system in which the DNA: protein 
complexes are captured, the capture system involves the use 
of nitrocellulose filters under low salt conditions to 
capture the protein-bound DNA while allowing the non- 
protein-bound DNA to pass through the filter- 

The present invention also includes a screening system 
for identifying molecules that are capable of binding to a 
test sequence in a duplex DNA sequence. The system 
includes a DNA binding protein that is effective to bind to 
a screening sequence in a duplex DNA with a binding 
affinity that is substantially independent of a test 
sequence adjacent the screening sequence. The binding of 
the DNA protein is, however, sensitive to binding of 
molecules to the test sequence when the test sequence is 
adjacent the screening sequence. The system includes a 
duplex DNA having the screening and test sequences adjacent 
one another. Typically, the binding protein is present in 
an amount that saturates the screening sequence in the 
duplex DNA. The system also includes means for detecting 
the amount of binding protein bound to the DNA. 

As described above the test sequences can be any 
number of sequences of interest. 

The screening sequence/binding protein can be selected 
from known DNA:protein interactions using the criteria and 
guidance of the present disclosure. It can also be applied 
to DNA: Protein interactions later discovered. 

A preferred embodiment of the screening system of the 
present invention includes the UL9 protein, or DNA-binding 
protein derived therefrom (e.g., the truncated DL9 protein 
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JL pediment the duplex DNA 
.^ated OT.9-COOH). m this frOT the group 

"Ustin, «* SEQ ID W*. SE ° ™ ^ence adjacent the 

conS1S * ., s and <U) a teSt i„ an amount that 

«eq ID SO' 15 ' < s present In an 

ttt. i» olud "!' * ion assays. _ : needec 



— %Tf~— »•""" ;T ""^* ™ 

Si „oiety. such as biotxn or 9 _ ^ that 

20 detection moiety. ^ ^ slte such a to 

^if icatxon must b ^ ^^.s aceMBibl e 

/4\ it does not exj-«* ^ moiety x& « 

£ cognate binding sequence («)^ ^ of biot in 

with the capture a, 

screening^ence rf ^ ^ the^ ^ 

TO n^ide is labelled to allow ^"^^ushed by 
30 oligonucleotide l can be acc^ J»^^ f 

US. — - grated in the 

such as -^r^iety can then be detected 
target olig°n»cleotxa 
35 after capture. 
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a -„ents of « capture/detection syste* • 
Three enbodimen ts o . . osure are as follows! 

( „ the ^ oligon s) _ modi£io atlon 

e^ple. the ^^"l^T^ £*!» and incorporation 
of the cognate binding site «l ^ . capture of 

°of digoxigenin or *! 
tte target oligonucleotide u«M ^ ^ ^et 

a solid support; ^ ^^goxigenin antibody or 
oligonucleotide using aj»gge loa raphy, counting 

radioactivity measur— t <^-. hoiBa ger, . 

to scintillation fluor, or noalf ication of the 

the target and incorporation of 

cognate binding site with dig^9 rf ^ target 

b £in or radioactivity, ^ igoxigenln antibody 
oligonucleotide using an of the target 

is bound to protein fron ^ ^ ^ assay fixture 
Z not bound to *^»*J^£J conditions in which 
Lough a nitrocellulose filter ^ ratained by the 
„, e protein:Dl». complexes a w passes 

^ocellulose whi^^ ~ -^^i- - «- T 
25 through the nitrocellulose, tag^ anti- 

cligonudeotide using "£ teraotionSf or tagged 
diaoxigeninsdigoxigenin *nt 
s«ep«vidin-.biotin interactions. 
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Description of P ^ binQlng protein binding to 
Fig ure » illustrates ^ DNA ^ muBtrate how a 

a screening sequence. "^V^ or uin oered in binding 
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1 of conformational 

contains «• ■ pro tein, « ma plaurB 4B shows 

sequence) at «*■ screening sequence. nd . 

,o serene- ^^^..strandea oli^ 1 ^ 14 

tn. preparati o oxig enin or „«, 

lab elea with ^^ies ot sequences that h 

» ^l^e e o-Xines the ^.-specific ^ 

30 contaxnxng th togra pn of a f ^^-transferase 

Fig ure 8 xs p c0 oH/glutatnxone a 

mowing (« ^ ^- CO ° H P °Tftoy an 

•«t> orotein and (xxj indicated toy an ^ 

fU !L poiypeptxue xs 
figure tne UAJ 
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12 nt,9-cooH binding of . 

9 6noW s tne effect on ^ C ° W 
'^ns in ^e test ^enc. ^ ^ band s *ift . 
alterations » ^ data are dxsplaye 

screening -quence. _^ ^ 

figure XO, snovs t*e effect of «» assay 
concentration*^ D ~ f JU " St "TS^ » «° 
reactions """^ tte addition of wst 
shovs the '"^/reactions «tUi»M *** ^ion of 
^protein «« shMS ^ -J-^^. ttti ii*ing 
sequences, '^^protein assay reao 

r^°» rr^avidi^. that in turn - 

*° ^ C ?^T a demonstrates a test 

Ex gure ,. of all the 

^protein -bv ^ ^ « tr Ct t ^ > »- — " » 

rxgore 13 sequences that oo ^ , 

possible four base * seqtte nces » the a 

defined set of ^ „ ^ ,* ot all the 

screening tt e top <*J U sa»e base 

* i9 T J has" pair stances that ^ another 
possible four base E ' ^.sKtC-S'. «u* ooulft 

position - ; -Ordered set of sequences th 

eXSW9lS 7 in the assay. ' . „ oligonucle tide 

M tested » th ^ example »f ^ scraening 

Fl5 "^ fining test sequences ""^J sent ed as 
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NO: 18. 

Detailed Description of the Invention 
Definitions: 

Adiaseni is used to describe the distance relationship 
b *tween two neighboring DNA sites. ~f 
or less b P apart, or more preferably, 10 or less bp apart 
or even more preferably, 5 or less bp apart, or most 
preferably, immediately abutting one another. ..Flanking" 

10 is a synonym for adjacent. . 

^ai^, as used in this disclosure, refers to the 
DNA that is bound by the protein used in the assay <xe. , in 
the examples of this disclosure, the DL9 protein) . 

EisLcia^ is the process by which two molecules 
15 cease to interact: the process occurs at a fixed average 
rate under specific physical conditions. 

tiding is the noncovalent association of 
a protein or small molecule to the DNA molecule. In the 
assay of the present invention the functional bxndxng of 
20 the Protein to the screening sequence (i.e., its cognate 
DNA binding site) has been evaluated using filter bxndxng 
or gel band-shift experiments. 

-—^i monies are molecules that are comprised of at 
least two different types of molecules: for example, the 
25 client coupling of at least two small organic DNA-bxnd^ 
molecules (eg., distamycin, actinomycin D, or * 
each other or the covalent coupling of such a DNA-bxndxng 
molecule(s) _to a DNA-binding polymer (eg. , a 

30 d6W ^r:er d e e in defined aS the time required for two 
molecules to reach steady state association: for example, 

the DNA:protein complex. _,,^ 0< , * r 

nff . ra te is herein defined as the txme required f r 

n -half f the associated complexes, e.g., DNA: P rotexn 
35 complexes, to dissociat . 
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afers to DNA binding 
binding refers binding 

SSSUSS*™- DNA sequence binding 

mol ecules which nave a ^ iction enzymes and tt» . 

~<=> For example, t« . m ' cal sequence- 

^Tins lists! in ^le X demonstrate 
specific MA-binding. 4 refe rs to DNA binding 

n JuSTtbatl^nerally bind ^ D 8 . SM uence- 

TorTn^ to see DNA sconces ov er^ ^ ^ 
preferential binding" £f f £J t ais closure, e 
» ol e=uXes tested « and se*»nce-specif ic 

rtlstamrcta- sequence-prefer ^ ^ M is 

££E can be -^7,^*-^ 
Resented in Figure 12. W ^» al affinities for 

£ere are a spectrum °* J* fron non-seguence-specxf ic 
Cerent DNA fences ranging fr preferential to 

. ^nS^elor the ~ T 

^ ^mfi the screening sequence can, 
the case of uw* ^ 

SE Q ID NOtl- des irable as therapeutics 

^aJli^SlSSiieE ^livery: (« 

^f^T^nT^ elated to drug dellV< ^ U) they are 
l5 several =* aS ° n! V 10 K molecular wexght, (l« 

C °^eT- ^ permeable - cell- C- > ^ 
B ore l^y ideSf they are less (iv)t hey 

peptides or .ola«oi«o mechanisms; and, (xv) 

degradation by many cellul e response. Many 

4- »s apt to elicit an libraries of 

-»n are not as <*f Have extensive 

30 pharmaceutical """^J^ mixt ures. often fungal, 
onemical and/or that would be desirable t 

bacterial, or algal ««~^ rot invention. Small 
„ith th assay f the P synthetic organic 

SCr , fly be either biological or syn 
35 molecules may 
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15 fi e., cisplatin) . 

. ess ~« - .-r=sr 

eequences can * ioally , bindmg «« ■ DWk . 

ecreenin, with «. «— « ^r. .«= 

t .st sequence interf sore ening sequence. How^ 

10 binding ^"^tthese sequences « - «- °^ 

^ecules ^ bln dln, nole cule S . 

effect, causing an ing sequence . some ^ 

Wndi lSr^r in a serene. — »' 

rvtial manner, might na \ in assay. 

15 preferential m fce dete cted in the 

■These molecules in ^ disclosure, 

assay 

■*«f2e* by tfc* protein »=ed £ n) , 

X. ~ — » f tte pr ese»t invention * *f 

^Tae^ nee-specific — £ 
bind m a se *" assB y facilitates interfering 

» ^ ^rpnar-aceuticaxe that DHMpr otein 

"C^tc OH* ^ 10nS ' tltn^X^ «.ay t detect 
with spec sensitive, well-conor se quenc - 

interactions. > „ aet er»ine tbe« =an 

Dia -binding ~ 1 ^ 1 in S lty b as been developed. J^e 

4#4«sity'a nd , • „o and chemical 

3 0 ^^^^een large biological an d se quence- 
be used to sex „„ used to troths or 

^Utd"g -eoules ZJ-ZZZZ another 
35 applied 0 * * * 
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Unities of known DNA-binaxng . 

^ T The drugs, which are * identified 
fences. J ta , My have P« v " US ^ ndlaates for 
anticancer tree ^ strong candi ^ 

, activities **at precursors 

therapeutics ^clne. ^petition assay 

— evening of \ — « ^ 

1= HoXecuiesa-at^dto^ a 

b inding ««-^ characteristics °f sblcn 

alW ^tTanTe readily detected; binalng 

manner that c» _ to alter directly 

20 character^tic of the test mole cule 

proportional ~ ~ relati ve affinity of a 

^ e test site 

25 its effect -J* ^termination of th. tag 

oiigonucXeotides. ^ ""■"^J Tdevelop-ent. 

OKA ending sequences for drug devel 

to identify specific targ 

k Genera! considerations v n ee „ aesig „ed 

. 30 ^e assay of tne pres^nvent^ ^ ^ 

foE meeting test .olecu- ^ ^xe fro. - 
— of transfer of a s P pro tein m s lutxon. 
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is in excess to the 

5 seq uence for a sp protein ^ed » g 

— f". 8 D X^U domain ^ T l* P^vsical 
-"ST^. ~ ?T"b concentration, 

to the sequ so iation (e.g. • f _ Uf e of the 

COndltl re at a«us« d ^ .^Tas^ (optimally a 
tB °TI T S -en^le to P«f in a range that is 
complex « ■» ..inutes) . preferably 

^'""normal P^siol^ the "leased 

0l ° Se * XT******** comple* ^^er protein * 
X reforms a comple* ^ 0 ess to the DKA. 

„„A raprfly ^ tte protein « »» xa pid 
solution- S«ic ^, lex always lex . 

associations of ™» ^ ^ anotMr 

reassooiation of » ^ molecules M ^ 

« equili^xum very o£ ^ assay » t i*e 
The minim- bacttjr ^ and th 

^e brevity of the observation ^ 
period. «^ ^ aeteotlo n system def xne 

r^-- mstr a t es *~ such * Pr=- -J in 

Fl T from i~ cognate binding "^^^ site, or 
ai splaoed from lts cognate ^ ^ 

„n *• prevented D ^:protem "> tera protein 

- ^ - sterio 

Slter ^' w a small molecule- A1 ^^ Y 'interaction by 
D i„ding by a s ^protein „ either 

^ ^ a conformational ~ " ^ oligonucle tide 
ind T 'if a test molecule °* °* ~ 

^Trs binding of the protexn. ther a . ^ „11 

bind rs bino another will »• ° 
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ffiOUnt of unbound DNA. m . 
. ' a >*t increase in the amount ^ or a 

result m * net in the amount of uno nce 

otb«r words, an ^ C ^ S bound DNA indicates the p 

in the amount or » 
decrease i» ^ when 

of a „ i^i«r a Bay be £££ Jf£ DHA— 

Alternatively # 4„~-reased affinity 

measurable «- _ eact ion mixture as 

wil l decrease xn ^jea^ cribed ^ n . 

capture/detection syst 

« other Methods uld be taXen to 

° are several approaches that c ^ ^ 

Th molecules that its binding 

loo* for Sma f a _ iven DHA-hinding protein wi ^ 
fraction of a Jiv ^ approach would ^ 

S ^ nC ; j T^ica! C °^ d ! in r oT -e specific 
biological or ^ binding J* ^ aggay 
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Hoiogicai « the »indlncr « „ assay 

PrBfer ^ faction »* not ^"f^^, prrferaHy 
DMR!prote» » aevelopB ent of at leas ^ 
would oepeno on the ^ lon sy6 te»s » _ 

DNft.: protein between genets 

thr ~' ! lntrol S for distinguishing » hepar in or 

- — • /-"err — — « ^^cr:^ 

enhance transcription <* «-* 

"!! ^ of . — ^ ion would «- 
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•on several DNA 
* reporter gene expressio . 

wMr e multiple * lve ^ tiIlea by tfce 

screening, » otbers could be 1 ^sleeted 
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- -tlie present 

Hhile DMA-bin 11 "" recog protected by tne 

all bp). *»« sequence _t*at xs p ^ ^ eithcr 

J protein is larger (usually 5 ^ a by DH Aase 

, B s ^ f ^e recognition se^ence - lnte r f erence 
' protection COalas ^ performed ^uppo^ 

(SiebenU e;t t^ntion demonstrated t*at a sx^gleJP ^ 
^e present xnv _ sequence can be m Q t 

irtualiy an * 
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interest adjacent to the cognate site: a small molecule 
bound to the adjacent site can be detected by alterations 
in the binding characteristics of the protein to its 
cognate site. Such alterations might occur by either 
steric hindrance, which would cause the dissociation of the 
protein or induced conformational changes in the 
recognition sequence for the protein, which may caus 
either enhanced binding or more likely, decreased binding 
of the protein to its cognate site. 

1) criteria for choosing an appropriate DNA-bmding 

protein. . . 

There are several considerations involved m choosxng 

DNA:protein complexes that can be employed in the assay of 

the present invention including: 

a) The off-rate (see "Definitions") should be 
fast enough to accomplish the assay in a reasonable amount 
of time. The interactions of some proteins with cognate 
sites in DNA can be measured in days not minutes: such 
tightly bound complexes would inconveniently lengthen the 
period of time it takes to perform the assay. 

b) The off-rate should be slow enough to allow 
the measurement of unbound DNA in a reasonable amount of 
time. For example, the level of free DNA is dictated by 
the ratio between the time needed to measure free DNA and 
the amount of free DNA that occurs naturally due to the 
off-rate during the measurement time period. 

in view of the above two considerations, practical 
useful DNA:protein off-rates fall in the range of 
approximately two minutes to several days, although shorter 
off-rates may be accomodated by faster equipment and longer 
off-rates may be accomodated by destabilizing the binding 

conditions for the assay. _ ^ w w _ 

c) A further consideration is that the kinetic 
interactions of the DNA: protein complex is relatively 
insensitive to the nucleotide sequences flanking the 
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The affinity of many DNA-bxndxng 
recognition sequence. enees i„ the sequences 

proteins is affected by _ dx ' ^ most obvious 

Recent to the — «"*"^ ^ preferential binding and 
example of this phenomenon « ™ e f of several 

cleavage of restriction enzymes gxven ^ 
Identical recognition "^J^.retes are affected 

sequences (WlinsKy et *^ ' J of ^^stive binding 

by ^reTentTlarin, oligonucleotide sequences 

data between different ^^.j^e. 

— rLpro:einTntera=tions for use in th 
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«icult but is not ^°»^- ion8 tor uao in th 
Testing DH*:prot«in xnt«ractxon 

assay.' . . ^ support of the present 

Bxperlments per* <™°* J£ J eixl interaction that xs 
invention have identx xed a DNA^ assay! the 

particularly useful '-^f^, that binds the HSV 
herpes Simplex virus <HS£ «. pr ^ has fairly 

origin of replioatxon (orxS) v ^ be ^ 

stringent sequence S£Q 1D NO =l. SEQ ID HO:*, 

hindin, sites for t» xn orxS, « ^ ^ one 
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SEP. I» H<>= 17 (Ell ° S ' wtth'at least 10-fold higher 

sequence (SEQ ID KO'-D "xnd» « ^ „ oi2) . th 

affinity than *U 
o.bodiments described below 

site (SM ID »° :1 > • reactions are performed in 

DMMprotein MS °" at "" lexes oa n be separated from 
eolution. The ^r^T-^ ~ P-ti—W 
t ree DNA by any of several - o£ DNA: p rc) tein 

Leful method for the of bind ing result, 

interactions has bee, > . xn this method 

using band shift gels .„ applied to 

Dia :protein bindxng »^ labelleQ co mple*es and free 
polyacrylamide/TBE ^^horetically. These gels 

iehel d DNA are separated f ^ The r suiting 

- fi ~ d ' "I' ^er^forVamount cf free probe 
autoradiograms are exam 
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^ DNAiprotein complex. 

^ Is migrating ^^\"ZT cTafning «* *~ 
Z** assays include <» * ^ ^ saBP le is labeled 
la beled probe. and (») = of Bin ai„ g protein, 
prooe in the P*~— f'low visualization of the ratxos 
^ e band shift assays alio- free pEO be. However, 

tetween DH&tprotein = OT * leX «' binain g assays for rate- 
Xy are less accurate than tlmc between loading 

they at 0 v^er invents due to tne xay oomp onents. 
oeter »inxn, «««V ol « tl0 separation^* J P ^ 
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they are less accur^ time between — 

they at __er invents due to tne xay oomp onents. 

^^-'^ T^artTcu^y u~ful * 
^filter binding method >s ^^Ugonudeotide 

aet erminin« the 4" 'filter binding ^ assay 

r Passes -^rdeterXations -^J"^ 

r. r := — isrr r 

,«,ie the competing mox« molecule, 
for example* ^ - te on the una » 

feting for ^^JJ differentiate be^en ~ 

Iilter bind^g -r yield information abo 

bi3 *™ onetr b^h proteins are tt at may 

be useful m «» potions listed in Table 

Eluding (i) «- ^rtnd P«ge — ' " ^ 

t (ii) bacterial, y east '™* Lection enzyme systems 
'i /oro. and (ii» ~ 4if " a of ai »alent cations) . 

r ' «otein binding in the absence ° f m se9tte nce 

( Tein tbat binds to a specxf » re g» oonstralni ng 
D W ^useful in tbe present invention- on a<squen ce E 
ma y be use _ . nf +m & immediately auj 

ST- =^ = — " J - 

recogniti n sequence. 
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i8 Uttle or no effect of the ^ ^J ef ^ 
- - — " ^ O-P-ein 

Ior use in the — -^"£LU seguence-dependent, 
interactions that exhibit . i algori thBS are 

Sff erential binding -ay sttU " ^ensate for «» 

differential affinity. » bindlj ,a of the protein is 
thence composition on th > ^ tte rec ognition 

!!*ely to be correlated to the BtkOXt , the 

f=r the DHA-binain9 protein. „, it i n 

0 sequence for tne _ rote ins with shorter recogn 

Kinetics of binding *« prat ^ £lanfcing sequence 

se guence. are »ore liKely « for pro teins with 

effects, while the kinetics , or y ^ not ^ 

longer recognition ^""j" "J^ition. The present 
l5 affected by ^dance for testing the 

disclosure provides -«"*!~ * factions, i.e.. other 
such DNA: protein . the 

Wtal Z £ -is binding site interaction, m 
than t& e UXJ 

screening assay. ^ length and OL9-C0OH 

„ preparation 01 

r— t -^red^ bac^ovirus infected insect 
protein has been prepared j* a por tion of the 

25 culture. (Exa^le 3A, B ^A-binding aoB ain (^-COOH) 

01.9 protein that contains ^ ™ A expression vector and 
„as been cloned into 3D ^ » . The DH^- 

binding domaxn ox ^ r We ir et al->- Tne 

30 £ — 01 ~ ^ertea into the expression vector 

CO0H polypeptide was "=^ s _ ttansIer ase (gst) pr t in. 
"-frLe with the ^"^^"^if led using affinity 
^e gst/OW *-*» f"" 1 ; vector also contained » 

chromatography C— ^J"^ function of the two 

„ thrombin cleavage site 
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24 , e the fusion protein vas . 

, oroMiM ot interest. F °f_ uicn a sequence 

binding P« „eguence in tra \ vitB the »- 

binding P««^ 8ltB ^ al ~XidTroteine can be 

"^siS co^g sequence, <»aniatis et 

^rta^t;"^ "sis 

0an b ! intr/ct «itn tneir cognate D«A no;i) ^ be 

* m *LS. «- ro9 °»*- Wnding 8 !T ( e g!. CnBr-activated 
Por example' ™ support (e.g. . extracts 

SEPh Tover ^e support, the -W^"^ J Bal t gradient 
TdtL^ isolated *ro» tne ~^£ ession systems in 
binding tbe tively , other 119 can be 

rKadonaga). a - LU „ lla or mammalian 

^Lria yeast. iIM,BOt ,„ of a B»-bin* 1 »* protein 

te Tto egress adequate leveis of a 

" S ITthi. assay- , n tegar a to tne W*.- 

fnll lengtb ^ ^ present invention. 
DSA! prote^ assay ^ ^ si 

°* ^ P m ' L required. ™ evaluated using a 

ftt nctxcn »ayb ^a,, can be ev ^ 

protein ^say (l»ampl« 4A > " ^ coop ared to 

functional b«dang ^ (B£anple « — any 

association can b Dia . bind in, P««^_ be UB ed 

«»t of tne "".^^cated or full l*"**' MY 
^-binding peptide, trun 
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-.teria outlined in part 
,„ the assay « " neetS * appropriate DS*-binding 

^ for J «* the seated 

—TS^^* r - saM atfin y 

'tTfuU length im-binding protein- ation . 
ttB junctional Binding and Bate - ^.cooh proteins 

full «?» 

reee Example 4A) . A » . using t^ e UiJ 

otigonuoleotides (« » J"'^.-. (■» .»■■»«» ** 
UL9 DMA-binding « C0 ^T J^ropriate binding buffer 
, B i*ed with eacb <™ a f roo . temperature for 1. 

reaotions were ^n 2 minutes) and the 

Snutes (binding occurs in ^^^ically on non- 
ptoducts were B (E3 Jple 4M . «- degre of 

denaturing polyacrylamida g ^ froB the rati * 

•sir u 

^arison of --^^ detection 
polypeptide and^ oound tbe 

ST-^T T^iation was <— 
" oo-pe^r assays ^ ^ ^ site was 

-rrrrrerior-s ---r « 

,5 it diss cxates fro 
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M as determined by a band-shift t 
4B) . ^e dissociation rate ^ ^ was 

assay, for both full ^ ately 10 minutes at . 

appr oxi»ately ^ hour* ^ ic oii.onuc^es a 

-om ^f^ c * eSS T nor sheared 
5 10 , ooo-fold excess) s compete d for binding witn 

• ^'^otide^ ~ ™ 

oligonucleotide o 

As -entioned above one *. ^ ^ ^ 
bi ndin<, system f « use « ^ interaction is not 

Invention is «»* ^"^ence of the regions adjacent 

Sfected oy the lt ivity of any 

the DHa-hinding site. The of the JlanKxng 

— /r r evatuat: by i -ctionaX binding assay 

^ssocTtion assay -^C-.uence variation on 
" To t«t the effect * HO!l seances 

^ binding to ~« J^Ued -ith 20-30 deferent 
01 igonucieo*ides ^^ences, 
seguences (i.e. , Further, oligonuc* 

* «ie UL9 binding site. ^ „ eV eral positions 

:r ooL^t- -> -^t-^i^-i — 

^ m.9 binding site. Most, * Severa i changes 

STS^. *~ ^r^xude variation^ 
aid not destroy r*co^-"°" ^ binding ""^J*^ 

sites that differ between «« _ the second 01* 

» i seq ID H0S2 and SEQ «..„_.Qid decrease in 

ID (SSO m — " t a Native to the 

S£I 5— ^U^ertant-Uence variation 
Tirst (« »' l > • test sequence, , accent 

at the test site (also called ^ =) , bod virtually 

to the screening site (r 9 aisoo ciation. 
» ^^trr^that the n.xeotide serene 
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• >. flanks the screening site, has no 
in the test site «h.ch «a^ ^ ^ any e 

effect on the kinet-.cs of ™ t . T his allows 

oligonucleotides tested is of . oHA-bindin, 

the direct comparison of _ contain different 
B olecule on test ""'^^^fference between test 

«st sequences. Since the on J nuole otide sequence 

olig onucleotides is the nucleotide sequence at 

at the test site(s), and s« ^ blnding , any 

the test site has no ef f e ^ 
, differential effect *"f to a finding molecule ^ 
oligonucleotides in "^J^ in teraction of the DHA- 
^ du e solely to s equence(s, . Xn this 

hindin, molecule with the ^ ^ fences 

manner, the 1— «««« greatly facilitates the 

LS fianking the «• « ollgonucl eotide acts 

interpretation of "^^^ test oligonucleotides 
as , control *«* j£ when ordered sets of test 
This is particularly true wh fQur pa:ir 

sequences are tested (eg. . «stl g e ^ _ 

20 sequences <*^^T£«*-~ — ~ 
Taken together the ao ^ ^ seqoence with 

polypeptide hinds the alsso ciation 
(i) appropriate strength. ("> nucle otide sequences 

«Ui) ^"^ng, ^e. These features 
25 flanking the assay <*»££\ „ cou id provide a 

suggested ^^ ^^If small molecule/DHA-binding 
versatile assay for ***°"™ lfic nucle otide sequences, 
involving any number — »* " 

The above-described «<I» r determine their 

„' other D NR -.protein interactions 
30 other pre sent assay, 

usefulness in the pi 

. small Molecules as seguence-specinc competitive 

«st the utility of the present assay system 
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^, have sequence preferences . 
several -U -^J^* versus GC-rich seances, 
(..,. . a preference for • 
have teen tested. , rfl «iv weakly to DMA (K„ - z 

^ oXsta-ycin X binds r^^^ta,' AT-rich 
„ 10 . «ith a preference for^ ^ ^ 

t Tain ©t a ' . /«• — 7 - 6 X 10 » ) 

sequences (Jain strongly (K A - 7 - & 

^inomycin ^Tan" reXatively ---^er 

rrr^ --zzs • test 

Eacn of these molecules P ±ty of the 

10 wartel) - » Dist amycin A tests the sen inomycin 
for the assay. Disr * ivelY weak binding. Actino y 
assay because of ^^tilise fl«*« 

D challenges the abU^ seque nce contains a dGdC 

fl anKina the assay «*.. 

actinomycin D. Known anti-cancer agen*. 

J addition, fr—*"*. "^ntial -anner (Chen. K- 
20 that hinds DNA in * % ef erential D«A sequence 

K. et al.> . -^^the present mention, 
binding using the assay Doxorubicin have * 

M Actinomycin D. ****** *' Terentially inhihit the 
tested for their ahiHty to ^ pref „ g aiffe rent 

^ta of tUfl *° oligonucleotides _ (ExaB ple 6. rigur 
25 bl "L f 4116 019 ! as descrihed in S*a»ple 

T-se st^es ^(i.a.. —t - «» DHA 18 " 

30 complex) . testea with 5 «f * 0 S s 

to SEQ ID NO-.9. The r en tially disrupts 

to distamycin A F 

demonstrate that 
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i xr rn TTL9 polyA and, to 

a lesser 

extent, inhib i t ory effect of 

concentration ««-^ wolll r nost of the D„A:protein 
distamycin A: at 1 MM tort y ^ probe appearxng 

complexes are intact £op band, ^ ^ ^ 

in the P°1VT and Olfl free probe can be 

Rearing in the «• ««^' p ^ Tanes; at 16 M« free 
-n ^ the « -^t.^ - ™ — T ^ £ 
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prohe can be seen in the W» TO9 polyA and IU 

It «. MM the DK *- pr ° teXn c ^" ^xy tosrupted while some 
ATAT lanes are near — lanes persist. These 
D HA-.protein D istamycin A's Known bindxng 

results are consisnen » T - r ich sequences. 

Reference for non-altematxng AT r ^ ^ 

R ctinomycin D s equence: SEQ ID MOi5 

fences flanHin, ^ -^"^to Teq ID MO:13. The 
to SEQ ID ■»«». and ^demonstrate that actinomycxn D 
resuXts shovm in "^f^ding of M-CO°» « the 

preferentially ^^l^sEO ID ho=5, and OL.9 < SEQ 
^nucleotides <» CCCO (SEQ ID respectively. 
ID ' MO!6) . These °"9°nuolertxd.s ^ ^ ^ 

^ee or five d G dC ^^^ition sequence. This 
dinucleotide within the ma ^ J »,« binding 

result is consistent se ^ e „ ee dG ac. Apparently 

, preference for the dinucleoti^e s ^ ^ ^ 

Le presence of NO!l) . as mentioned above, 

ecreening sequence ««"£\ Bnotion of the assay, 
does not interfere with the*- different test sequences 
Doxorubicin was tested „ H0:5 to SEQ ID 

.0 flawing the «. ~«^%^o:13. The resuXts shown 
Hot 9. and SEQ ID HO=ll to SEQ cin preferentially 

in Figure 10C — the test sequence of which 
disrupts binding to ""^'J^ (CO mpare SEQ ID »o.l» 
differs from ^^IT^ — the concentration 
and SEQ ID MO : 13). »MT« 
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• Military effect of Doxorubicin: at 15 . 
dependence of ^J^^Z** to the screening sequence 
MM Doxorubicin, the TJL9 * tne test sequence, and . 

is strongly orxEco ^ ^ ^ 

ffi ore mildly affected when polyT,^ ^ Doxorubic in most 
5 the test sequence; and comple tely disrupted, with 

rrs»r^'^"^-- - » - - - ' 

,0 later time P° int - . , nv of the drugs resulted in 

Further incubation with any ^ «. *w, 

for the drugs is compact ively aistil)guish se guenoe 

«» ability of the ass * g moleoule s with 

binding P"-"""^"^ as distamycin » i- • 
poor sequence-speci 1 ^ as say seems well- 

stringent test. ^"^ion of -olecules having better 
suited for the identification ^ binain9 

serene, specificity and/° ^ J delnon strate sequence 
affinity. Further, the res anti - 0 ancer drug 

preferential binding ^ assay Bay be useful 

Urubicin. ^y^f^cules displaying similar 
t or screening «f~"£>. SUDS eguently tested for antl- 
characteristics that could be s DlnQ ing. 
canoer activities as well as s ^ ^ 

Other compounds that "ay b ^ flef inlng alternate 

present DB*:protein system 1ob1b ,, echtnomycin, 
D „X=protein systems -elude *e 4 

„hich P^erentially bin nole =ules, such as 

(0u igley et al., , ^^J to inQ uce formation 
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al.); and other DNA-binding proteins, such as EcoRl, 
restriction endonuclease. 

H. Theoretical considerations on the concentration of 

assay components. 

There are two components in the assay, the test 
sequence (oligonucleotide) and the DNA-binding domain of 
UL9 which is described below. A number of theoretxcal 
considerations have been employed in establishing the assay 
system of the present invention. In one embodiment of th 
invention, the assay is used as a mass-screening assay. In 
this capacity, small volumes and concentrations were 
desirable. A typical assay uses about 0.1 ng DNA in a 15- 
20 Ml reaction volume (approximately 0.3 nM) . The protein 
concentration is in excess and can be varied to increase or 
decrease the sensitivity of the assay. In the simplest 
scenario, where the small molecule is acting as a 
competitive inhibitor via steric hindrance, the system 
kinetics can be described by the following equations: 

D + P D:P, where k^/lc* = = [D:P]/[D][P] 

and 

D + X D:X, where k fe /k bx = = [D:X]/[D][X] 

D - DNA, P = protein, X = DNA-binding molecule, 
kfr and k* are the rates of the forward reaction 
for the DNA:protein interaction and DNA:drug 
interaction, respectively, and k* and k ta are the 
rates of the backwards reactions for the 
respective interactions. Brackets, [], indicate 
molar concentration of the components. 
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in the assay, both the protein, F, and the DNA-binding 
molecule or drug, X, are competing for the DNA. If steric 
hindrance is the mechanism of inhibition, the assumption 
can be made that the two molecules are competing for the 
5 same site. When the concentration of DNA equals the 
concentration of the DNA: drug or DNA: protein complex, the 
equilibrium binding constant, K,,, is equal to the 
reciprocal of the protein concentration (1/[P]) . For UL9, 
the calculated ^ = 2.2 x 10> IT 1 . When all three 
10 components are mixed together, the relationship between the 
drug and the protein can be described as: 

15 where «z« defines the difference in affinity for the DNA 
between P and X. For example, if z =4, then the affinity 
of the drug is 4-fold lower than the affinity of the 
protein for the DNA molecule. The concentration of X, 
therefore, must be 4-fold greater than the concentration of 

20 P, to compete equally for the DNA molecule. Thus, the 
equilibrium affinity constant of UL9 will define the 
minimum level of detection with respect to the 
concentration and/or affinity of the drug. Low affinity 
DNA-binding molecules will be detected only at high 

25 concentrations; likewise, high affinity molecules can b 
detected at relatively low concentrations. 

With certain test sequences, complete inhibition of 
UL9 binding at markedly lower concentrations than indicated 
by these analyses have been observed, probably indicating 

30 that certain sites among those chosen for feasibility 
studies have affinities higher than previously published. 
Note that relatively high concentrations of known drugs can 
be utilized for testing sequence specificity. In addition, 
the binding constant of UL9 can be readily lowered by 



f 

WO 93/00446 



PCT/US92/05476 



10 



15 



al tering the ,h or ^ - ^ — 

de sirable to screen for mol^ ^ „ extract , 

concentration (eg. . »> * J«! v becoBe „ ore complex 

analyses such as ^ at ^ ^ ex [ c (noncompetitive 
, f the inhibition is steric hindrance. 

^iTtion) rather Native effect of an 

-onetheless. the probability cM is du . to its 

inhibitor on ai « er ^ al a «initV to the different test 
relative ana ^""^ ^"^particularly true in the 
.equenoes is fairly high. „ ord ered set (eg. , 

. in which all sequences m™' possible 
assays m wnico . xength or an F 

possible sequences of a 9^ ition and defined 

variations of a "^.^ the effect of inhibition 
length) are tested. In brief . ^ se(Juenc e, 

ln the assay is '^^Inhibitor binds that particular 
^en it is lively that toe xnhx ^ ^ ^ 

^quenc. vith higher ^ MV be difficult to 

sequences. Furthermore, whil lnnibi tor, the 

Ermine the absolute pro b.bility of being 

, native affinities have a ^ ^ ^ ^ ^ , 

r easonably accurate^ o£ Secular 
in facilitatxng, tov xn 

KO deling systems^ ^ ^ ^ ^ oonai tions of high 

. protein concentration. a(Waa to the assay 

P «hen the ^"^J^ons. the protein binds to 
sys tem at very ^^""tgonucleotide in addition to 
nOT . sp ecific sites on ^ thejl g ^ ^ deBon3 trated 

the screening seouence. ^ S when se rial dilutions 

30 using band shift gels: m ailut ions are mixed 

«e made of the P ;.l" of Oligonucleotide, no binding 

M ith a fi«d — ntrf °n of olig^ ^ ^ ^ 
(a s seen by a band shift) is J iB obser ved at 

..... 1:100.000), a single _ ban ^ ^ „ migra tin, 
3S moderate dilutions (e.g.. ^ 
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actions. » ° b9 __\ be ^ shift -say. » » _ 

5 presumably nave affinity (e.g. # IW 

screening ^^J^ action have a larger number of 
1 . 1 « «P «•> lower affinity _____ 
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^ e present invent.cn. «•» _ 
^uta^ione-S-transferase, tne _ ^utathione-S- 

transferase, sin<-« #*<Tiitv bindxng P^« u 

These low affinity b a molecule 

SSS - the test ^«% r S rect steric hindrance 
interference is ^ccnforBaticnal changes : » «« 

and does not rely on induced ^ ______ slte x . a 

^. second!,. the """^Ise the test site is not 

Z' aff^ ^'"" " th, case of «- 
coanate-binding sequence. ™ fcinding and 

aJfTence in ^^p^ ~be - — - — 
the bign affinity binding app ^ 

capture more rallrt iv. results are a ^ 

bound to t^ "^ concentrations, not • ^ 

0 under ^ ""^ ote^ complex 

DNA (as demonstrated cy DN A:protein comp 

filter unless there is more than ^ ^ ^ 

^oligonucleotide (e.g. ^ ^ assay exqui sitely 
one UI*:°« A complex). 
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J3 

* viah protein concentration. 

sensitive under °°»*^°Z° jTJs •* " 

ror instance, when ^""^ one complex per 

under conditions where ^« nding effect on GC-rlch 

oligonucleotide, a dl " ere "" erved (se e Example 6) . Under 
5 oUa onucleot,des ^J^J^tration. where more than 
conditions of high protein , oligonu cleotide. the 

on . iaa.«* oompl " " i nolny cin D is even more marxed. 
differential effect of '^J^t of actinomycin D on 

^ese results ->^f a b * "* *" "^e 

assay. 

XX. capture/Detection Systems. ^ ^ 

M an alternative to the a Baa surement of 

.liter binding assays, the level 

geX s and filter » , „ y - measuring either the i 

Inhibitors can he ^f^^ o£ test molecules or 
of unbound DHV in the P«sen 

mixtures or the level «f«£P es . Hea surements 

the presence of t-t «^ or „ . fcinetic assay, 
mav be made either at ££^*X>**- i9 ~, 

prior to the ""VVXly^o - dlCtatea bY " 
type of measurement is l^W c<rli librium, which 

f actors, such as the lengthof ^ DHA!prota in 

will be determined by both the ^ ^ ^ 

interaction as well as t aet e=tion of DHA- 

in teraction. «- results <ie. . o£ their 

binding molecules ^'"^ ^ vary wi th the type of 
sequence preferences iUbr ium> . . 

^urement tafcen "J^ *« detecting inhibitory 

Figure 2 illustrates pre ferentially hinder 

macules ^-JZZZ P-em. » - — °< 
binding of a dna 
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,» m the equilibrium Between the DBA- • 
» inhibitory Mle "' 1 "j X ; inaing site (screening sequence) 
binding protein and its binding ^ displaoed . 

is disrupted ™ "^Tinhibitor (X). the DK * free 

ftOT "tin'or? attentively, the D^protein complexes. 

5 el^eThe ^^ivlC^-d DH* and D H*:protein 
For maximum sensitivity ^ „ 

flexes should he Mtnod of DNA capture 

e « icient and rapid --^^ of ^ unbound DKA from 
10 Bhould allow !or the gaining the D HA:protem 

ne protein-nch mixture 

complexes. „„iecules are specific in their 

Even if the test ™ leca ™ relat ively low affinity 

^erection with « ^-specific » « 

„ and they may also be w^ bind ^ ^ ^ ^ 

^e non-specific int ^ ^ My 

concentrations, m «™ transient binding of the 

only be transient, much " feature of the assay 
protein in solution. »— ^ e equlll brium state of 

a solution comprised ' °* * e . In ^ presence of an 

and the inhibitory test ™^ ^ to protein 

inhibitor, the amount * i »th e Qf „ inni61t or. 

will be greater than in t ^ ltor> « amount of 

25 lixewise, in the «« ^ „ e lMSer than in the 

„„* that is bound «: protein will^ ^ ^ ^ 
absence of an inhibitor. sboula b e rapid, 

DN&! protein complexes from unboun ^ ^ solutlon 

because when the capture ^^ihle, , the ratio of 
30 (if tbe capture complex will change at a 

unbound D»A to ^ r "^ * tt e off-rate of the 

„ r^"^rur - «»•» » » 
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Tex The longer the capture system 
DNA or DN A:protein complex. Qf unbQUnd DNA 

is left in contact with the e ^ ^ higher the 

and DNA:protein complexes nce or absence of 

background, regardless of the 

inhibitor. svs tems are described below for 

Two exemplary capture sy nas been 

use in the present assay. ^ Qther nas 

devised to capture -^^ P ein comp iexes (part II. B) . 

sourse of experts ««*«^£«£ui interaction tor 
invention utixizes • fron the protein-rich 

rapid capture DMi> protein compXexes. 

m ixture, which ^"^r^olecales or test 
excess protein and ^ blgb affinity to bxotxn 

, streptavidin >^ " V _r«n) . thus two advantages of 
( K, - 10-«H) (Chaiet et aX. . Green) . between 

streptavidin/hiotin systeB-e ^ is «» 

two molecules can d _ interaction, 
strongest ^own non-cogent «te ^ ^ 

5 In this sys eotide so reenxng 

covaxentxy attached xn _ hinding siteW 

stance <i.e., the » such a .anner that th 

tJs attachment is aoOT » pllSb ** * to the DBA is not 
Ending of the ^J^in is hound to the 

3„ destroyed. *f- ^ preventB the binding J 

biotinylated sequence, t*e p ^ DNA- 

8tr eptavidin to the t tte hiotin tr=» bexn, 
binding protein xs J <^£JL**»- This D H A= P rotexn 
recognized toy 
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interaction is illustrated in Figure 3. 

The capture system is described herein for use with 
the UL9/oriS system described above. The following general 
testing principles can, however, be applied to analysis of 
other DNA: protein interactions. The usefulness of this 
system depends on the biophysical characteristics of the 
particular DNA: protein interaction. 

1) Modification of the protein recognition 

sequence with biotin. 

The recognition sequence for the binding of the DL9 
(Koff et al.) protein is underlined in Figure 4. 
Oligonucleotides were synthesized that contain the UL9 
binding site and site-specifically biotinylated a number of 
locations throughout the binding sequence (SEQ ID KO:14; 
15 Example 1, Figure 4, . These biotinylated oligonucleotides 
were then used in band shift assays to determine the 
ability of the UL9 protein to bind to the oligonucleotide. 
These experiments using the biotinylated probe and a non- 
biotinylated probe as a control demonstrate that the 

b a , a biotin at the #8-T (biotinylated 

20 presence of a nioxin 

deoxyuridine) position of the bottom strand meets the 
requirements listed above: the presence of a biotin moiety 
at the #8 position of the bottom strand does not markedly 
affect the specificity of UL9 for the recognition site; 
further, in the presence of bound DL9, streptavidin does 
not recognize the presence of the biotin moiety in the 
oligonucleotide. Biotinylation at other A or T positions 
did not have the two necessary characteristics (i.e., OT,9 
binding and protection from streptavidin) : biotinylation 
at the adenosine in position #8, of the top strand, 
prevented the binding of UL9; biotinylation of either 
adenosines or thymidines (top or bottom strand) at 
positions #3, #4, #10, or #11 all allowed binding of UX9, 
but in each case, streptavidin also was able to recognise 
the presence of the biotin moiety and thereby bind the 
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oli ,onucleotide in the ™ *° "on 

Tn e above result (the ^ reoognltl on 

oligonucleotide ^""^ * lotin £ro m streptevidin) was 
seguence and to protect the ^ oe aata (Koft et 

Expected in of the — 

al .) surest that "° t ^%, of the recognition seguence 

tesidues at positions #7 d eo*yuridine> bloc*. 

(on either side of the biotiny interference 

in wii - - ,, imetn yl sulfate 
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^ 9 binding. " M ^thyxated by diethyl -Xfat« 
e^eriments. ~ responds structurally to the 5 
«t the »' position, -f"*""^ at which the deoxvurldin 
position of the pyridine mm, ^ wae ^ th 

Is biotinylated. These „ in terference data 

^or groove of the . »ethy «e 
suggest that the ^ # _ ^ ^ected that 

contact points f betwaen then w 

«,« presence of a 

interfere with binding. ^ ^ pretein was relatively 
The 

binding or ™- - blo tin at position r- 

effected by the presence of^ ^ als3eolatlon „as 

wlt hin the m» 3l Z\L both biotinylated and u»- 

similar for full Bowav er, the rate of 

biotinylated t^-COOH polypeptide was 

, faster with the D leot iaes. which « 

non-biotinylated oiigon^ ^ wlth either 

comparable to that or 

aitions were optimised for mS-COOH so 
The binding »» ai " onS J truncated 013 fro. th 
0 that the off-rate m 5 . 10 Bin utes (optimized 

° biotinylated t) , a rate compatible wi«> 

conditions are use of multi-well plat s * 

a mass 

screening •»»*• presant invention 1= 

conduct th nonprotein 
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one approach to -s^^f '^-specific biotinylated 

2) capture 

oligonucleotides. interaction can be employed in 

The stre P tavidin:bio^n inter^ ^ ^ ^ 

several different ways ^ ^ Mlecule or 

.olution containing *he D ™. * or agaro s. beads, to which 
mix ture. Magnetic P^"^^ or attached through a 
str eptavidin is ^ be exp osed to the solution 

covalently attached °™ a by use . respectively, of 

£or a brief period, then str eptavidinated beads 

magnets or a filter meet . J»J£ ^eptavidin has been 

redT^ oT^r^ents. but avidin is equally 

example of a second -od _ ^^of 

^und » 1* to Pta binding streptavidin, then 

U^in, biotin " the filter, ^ m ^ 

hlocKing nonspecific albumln . The fixture is 
— a nonspecific „ DHR is captured and 

rr:r D rpasses ^^sr - - - 

one convenient method to segu ^ ^gnetxc 

^ of =treptavidin-conluga ted ^ 
^lystyrene beads as described « E ^ ^ D1IR . 
, Le added to the "^'tan be retrieved by placing 

After capture of V*. «c*, which semesters the 

tte reaction tubes in >J^ 1 „ hile the assay »i*t»r 
be ads on the reaction chamber ^ DN& is 

i8 removed and the beads ar ^ dete ction systems, 

i0 then detected using one of seve 

as described below. agarose beads can be 

Alternatively, (Mobilised D . b iotin, 

US ed. Biotinylated agarose beads ^ streptav i d in. 

Pierce, are bound to ^ ^ of these binding 

35 has four binding sit s for 
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the biotin that is 

sit es is used to ^^J^ieatom spacer arm, the 
coupled to the « arOSe .^ einain available. The beads are 
other biotin bindin, oapture bi otinylated DHA 

B i X ed with > toaln » '^methods (Harlow et al.) to the 
<«— " ^T^ust described include the followin* 

. tr eptav,d,nated 

amount ox ^SSLl«ry molecule can 

assay fixture i» the P"^^ ~ the ralat ive effect of 

also be 

determined as a aeorease in the amount of 

the inhibitory molecule. A n ^ ^ mol e=ule is an 

DHA.protein complex in respon b r _ DNA molecules 

^cation of the ^f^^^ed on nitrocellulose 
that are bound to protean ca " b ° ° * mK that is not bound 
Alters. Under low filter. Thus, by 

to protein freely P-— J£ [J through a nitrocellulose 

passin, the assay »« ttt " and ^hound DHA molecules 

, filter, the D HA !P rotexnco-pl«es ^ aocOTp lish.d on 

can be rapidly "*«^*V , ™ acuum til ter apparatus or on 
nl trocellulose *f « ^^tuses (all of which ar 
.lot blot or dot ki bl °' aP ^ a sohue ll, Keene. «B) • »• 
available from raplaly passes throuah the 

assay mixture is .PPl«* « » d ^ conditl ons. Any 
vetted nitrocellulose ^ under Mrs or ot her f ilt rs 

apparatus employing nx«cce» ^ ^ t o 

S^^SLT-- -table for this system. 

c . Detection systems. . hndfi the amount of 

- lr either of ^J^££T The method of 

DNA that has been fP^ht the ■>><* has been prepared. If 
aoantitation depends on how the ^ ^ oounted „ 

fhe ,» is "dioactively ^ ^ ^ o£ 

3S a scintillation counter, 
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dried gels or nitrocellulose filters. The amount of DNA 
has been quantitated in the latter case by a densitometer 
(Molecular Dynamics, Sunnyvale, CA) ; alternatively, 
filters or gels containing radiolabeled samples can be 
5 quantitated using a phosphoimager (Molecular Dynamics). 
The captured DNA may be also be detected using a 
chemiluminescent or colorimetric detection system. 

Radiolabelling and chemiluminescence (i) are very 
sensitive, allowing the detection of sub-f emtomole 
10 quantities of oligonucleotide, and (ii) use well- 
established techniques. In the case of chemilumxnescent 
detection, protocols have been devised to accommodate the 
requirements of a mass-screening assay. Non-isotopic DNA 
detection techniques have principally incorporated alkalin 
15 phosphatase as the detectable label given the ability of 
the enzyme to give a high turnover of substrate to product 
and the availability of substrates that yield 
chemiluminescent or colored products. 

1) Radioactive labeling. 
Many of the experiments described above for UL9 

DNA:protein-binding studies have made use of radio-labelled 
oligonucleotides. The techniques involved in 

radiolabelling of oligonucleotides have been discussed 
above. A specific activity of 10«-10> dpm per M g DNA xs 
25 routinely achieved using standard methods (eg., end- 
labeling the oligonucleotide with adenosxne 7 -[ *3-5 
triphosphate and T4 polynucleotide kinase) . This level of 
specific activity allows small amounts of DNA to be 
measured either by autoradiography of gels or filters 
30 exposed to film or by direct counting of samples xn 
scintillation fluid. 

2) Chemiluminescent detection. 

For chemiluminescent detection, digoxigenin-labelled 
oligonucleotides (Example 1) can be detected using th 
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chemiluminescent detection system "SOUTHERN LIGHTS., 
developed by Tropix, Inc. The detection system is 
diagrammed in Figures 11A and 11B. The technique can be 
applied to detect DNA that has been captured on either 
5 beads, filters, or in solution. 

Alkaline phosphatase is coupled to the captured DNA 
without interfering with the capture system. To do this 
several methods, derived from commonly used ELISA (Harlow 
et al • Pierce, Rockford IL) techniques, can be employed. 
10 For example, an antigenic moiety is incorporated into the 
DNA at sites that will not interfere with (i) the 
DNA:protein interaction, (ii) the DNA:drug interaction, or 
(iii) the capture system. In the UL9 DNA:protein/biotxn 
system the DNA has been end-labelled with digoxigenin-11- 
15 dUTP (dig-dUTP) and terminal transferase (Example 1, Figure 
4) After the DNA was captured and removed from the 
DNA:protein mixture, an anti-digoxigenin-alkalin 
phosphatase conjugated antibody was then reacted 
(Boehringer Mannheim, Indianapolis IN) with the 
20 digoxigenin-containing oligonucleotide. The antigenic 
digoxigenin moiety was recognized by the antibody-enzyme 
conjugate. The presence of dig-dUTP altered neither the 
ability of UL9-COOH protein to bind the oris SEQ ID NO:l- 
containing DNA nor the ability of streptavidin to bind the 

25 incorporated biotin. 

Captured DNA was detected using the alkalm 
phosphatase-conjugated antibodies to digoxigenin as 
follows. One chemiluminescent substrate for alkaline 
phosphatase is 3- (2 ' -spiroadamantane) -4-methoxy-4- ( 3«- 

30 phosphoryloxy) phenyl-l,2-dioxetane disodium salt (AMPPD) 
(Example 7) . Dephosphorylation of AMPPD results xn an 
unstable compound, which decomposes, releasing a prolonged, 
steady emission of light at 477 nm. Light measurement is 
very sensitive and can detect minute quantities of DNA 
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(e.g., 10 2 -L0 3 attomoles) (Example 7). 

Colorimetric substrates for the alkaline phosphatase 
system have also been tested and are useable in the present 
assay system. 

5 An alternative to the above biotin capture system is 

to use digoxigenin in place of biotin to modify the 
oligonucleotide at a site protected by the DNA-binding 
protein at the assay site: biotin is then used to replac 
the digoxigenin moieties in the above described detection 

10 system. In this arrangement the anti-digoxigenin antibody 
is used to capture the oligonucleotide probe when it is 
free of bound protein. Streptavidin conjugated to alkaline 
phosphatase is then used to detect the presence of captured 
oligonucleotides. 

15 D ) Alternative methods for detecting molecules that 

increase the affinity of the DNA-binding protein for its 
cognate site. 

in addition to identifying molecules or compounds that 
cause a decreased affinity of the DNA-binding protein for 

20 the screening sequence, molecules may be identified that 
increase the affinity of the protein for its cognat 
binding site. In this case, leaving the capture system for 
unbound DNA in contact with the assay for increasing 
amounts of time allows the establishment of a fixed off- 

25 rate for the DNA: protein interaction (for example SEQ ID 
N0:l/UL9) . In the presence of a stabilizing molecule, the 
off -rate, as detected by the capture system time points, 
will be decreased. 

Using the capture system for DNA: protein complexes t 

30 detect molecules that increase the affinity of the DNA- 
binding protein for the screening sequence requires that an 
excess of unlabeled oligonucleotide containing the UL9 
binding site (but not the test sequences) is added to the 
assay mixture. This is, in effect, an off -rate experiment. 
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aTBole (no test molecules or 
• „»* e the control sample (no samp les 
In this case, we fixed off -rate (ie., sa^ 

fixtures added) will show a f » addi tion of the 

^e ta,en at fixed intervals after^ 

unlabeled ~»* et ff d J^ing amount of radiolabeled 
nitrocellulose, and a deer ^ In the presence of 

DNA :protein complex would be o ^ feinding of 

01.9, the off-rate «° comp iexes observed would no 

radiolabeled ^^the /i„d time Points - - .** 
decrease as rapxdiy 
control sample). 

T r^*- - s^ence-specific ^ndin, 

Molecules. defines a high through-put in 

present invention detxn ? q£ blologlca l 

vltr o screening assay to of ^-binding 
or chemical mixtures <■ » Reference. The assay is 
^eculee having seguence-specif icity and 

, also capable of — »^L, "^-binding molecules or 
native affinity of ^ ules . sequence-specific 
pitied unlcnown DHA-bxndxn, aol ouiar intareaC Ior 

Dta -binding «e listed here. These reasons, in 

several reasons, which «• 1 aete rmining the usefulness 
5 part, outline the rationale 1 nts! 

of ^-binding molecules as ther P interact! n 

1) Generally, for a a* target DHA-bmding 

^ere are several thou-ds^ fe«e ^ ^ 
sequences per cell than P DO iecules might b 

30 D«L Accordingly, °™ con =entr.tion to exert a 

delivered in -"""^t, the target DHA sequences 
biological effect by binding vell ^ 8 f ined structure 

2) MA has a relatively ^ al strac ture of 

compared to -^^ctural variation, identifying or 
35 DNA has less tertiary 
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. fio binding molecules should be easier for . 
design, speo^^nd.ng Double . stra nded DHA is 

^ ting sZZZ of deoxyribonucleotides that stac* 
a repeating a liMar helica l struoture. In 

atop one ^another to f orm y ^ „ lattice . 

5 this —» «• °™ es it particularly amenable to Molecular 
structure that makes it P design and 

modeling refinements and hence, drug 

"T'Ev -i-*-— »" genes < of which there are only 
10 i .« ^ in the ce., ^ ^ ^ 

V^Z site, whether it is — ^^ower U 
coding or nonooding sequence, may requxre a 

M .dose than targeting «. « ^f/eptors, or structural 
Proteins (e.g., enzyme , therapeutic 
proteins, are current * _ become the 

T f rintis^e « -ihozyme therapeutic molecules. 

;ioc£n7~e function of a which encodes a 

teii L o^a corresponding protein, when that protein 
^"jL cellular genes, -ay have detrimental 
regulates = e ™f o£ re gulated genes are 

ImPor^t foT Z s^i«l of the cell. However, blocking 
important xor ui . f . t _ a single gene 

25 a DHA-binding site ^"J^X tonicity. 

regulated by such a protein *»<^ ^ Hepatltis 

!™es "anscXtion of KBV genes (Chang et al.,. xn 
stimulates ^ ein ^ appears to be 

30 a OS " "^/^ation of many genes, particularly 

important for the regui f ^iecuies were 

T^l all of te geL reflated by would be 

35 °d wnTe^ed, including both viral and cellular genes. 
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manY of the genes 
drug could be le^al since funCtio n. 
SUC \ at eny H*F-l -* - CeS ^ r x y nV f entio n presents the 
re9U ver tne assay of the P~ se ^ ould extinguish the 
However, th a mole cule that co froffi 

ability to screen Hepatitis B viru 

5 HKF-1 binding regxon of including dxverg 

cellular HWT-3- slt ** scree ning for the ~^^; itlaflllt 
fl anKing "^J^t^X* bloc* HBV expression 
a molecule vould spec ^ 

General u^racterised compounds 

. DMR ->indin, -olecules anfl/or 

relative + est ing of modxfiea « affinity 

W 1 - 0 - 21 ' a t«l^or ax^erea specify « a ls 

binding -^"particular, since ea=* -^'J nunb r 

20 s « eme ^ a * slnth .t:as t se^ence, toame ^ ngth 

° f b t rn^*ure/a= t ivi t y anfl b indin, 

up fc . 'tween compound sot adjacent 

relation^* w prote in bindxn* *. 

activity, as 

25 sequence- cteen in g of 

.,-ific DMA-binding molecul Tn3tltute s or 

the assay syste 
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tracts, or mixtures to detect the . 
o£ different broths, DH A-binding molecules, 

specific sample* ^ at con tain the DKA-binding 

oLe the specific the assa y has a further 

mol ecules have been ^ loation of the D „A-bindxng 

, usefulness in aidxng xn the p 

molecule from the crude led to the mixture. 

As purif icaiton schemes « toi D1 ,A-bindxng 

the assay can be used to tes^ ^ ^^t (eg., 

activity, assay xs amen robotlc9 equipment such 

0 a 96 -vell Plate format » u "^*° tBeclcBan , Palo Alto. CAJ 
° as a BecKman BxomeK ^"^tomated plate-reading 
wlth detection ™\« or phcsphoimagers) . 
densitometers, luminometers, « P ^tion is also 

2) The assay of the P fc described 

15 useful for screening nole cules but which have 

in the literature as DHA-bmdxng h ^ ng 
Certain BKA-binding^ ^ bin ding to specific 

either no well-defined P"feren blnalng 
DNA sequences or "Relative preference for all 

20 sites but without B assa y can be used to 

possible D»A binding sec^ences, - ^ ^.^ng 

determine the of sequence that bind 

macules, among all possible cbox ^ DH& -bindin, 

«!«, high, low, or -f*"*^,^ a, and Doxorubxcxn 
25 molecule. Arfinomycxn \ t molec „les with these 

(^cample 6, all »»"~""^_ < » BB « drugs, such as 
iedes of binding. "any » p re£e rence for 

Doxorubicin (see Example 6K sh the absolute 

Certain identified ~J££T^— ^ " * 

30 highest and lowest ^^^eTtion described herexn 
determined, Portugal , ,., 0-111—. »• «* 

the methods (Sales, X. and philips. D.R. et al.) 

Phillips. D.».. FhllllP t S ' °- a «: nlt y DKA-binding sites for 
£or detecting ^ubicin is on of the most 

any drug were lxmxtea. 
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+ * cancer drugs currently available. As 
widely used ant - C 6 anC ^ xorub 9 icin is Known to bind some 
shown in Example 6 ^ Qf ^ sequence 

sequences jjTorubicin (Cben at al.) *h* 

binding preference Doxorubicin (Goodman et 

differs slightly ^ ^ C ^; o f x r orubicin are members of the 
al0 . B*"^^ - ^.- antibiotics in this 
STtTtrr^^.. are important antitumor 

agents (Goodman et J 1 '* ' nt inventio n allows tbe sequence 
The assay of th » presen ^ ^^.^ molecules to be 

preferences ^^.^ molecu ies for whicn sequence 
determined. The DN determined may include 

preference or «P«^"* amlnoacridines and polycyclic 
s ,all — various DNA -binding antibiotics 

the DHA helix) . ln ^ assa y lor 

The -olecules that can b affinity to 

8 e*,enoe ^'^tTt^ and »inor groove 

binders. invention facilitates the 

identification of mol ecules. M> example would 

derived fro* Known DBA-bind*™ aar ivatives for 

be to identify ^^ Uy of the preeent 
D HA-binding J, ing poinding activity are 

10 invention. Derl ™~ act ivity through, for example. 

ttrato " t- r:"^or»a by the Hational Cancer 
a battery of assays * tne prese nt 

Ins titute (BethesdaHD). ^^ tiv J of kn own anti- 

invention can be used t effect of the modifications 

35 cancer agents to examine the eff 
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,such as mediation, ethylation and other derxvatxzatxons) 

™ ^HA-binding activity and specificity. The assay 
o» dha bxndx g ^ Qf 6etter 

^tie'de^es of Known agents and <ii, a method 
5 provide a better understanding of the mode of actxon of 
such therapeutic derivatives. 

4 , The screening capacity of this assay xs much 
oreater than screening each separate DHA sequence with an 
Sxvtaual cognate DNA-binding protein. While direct 
10 co^Itttion assays involving individual receptor. Ixgand 
flexes (eg., a specific DHA.protein complex, «e most 
™„„lv used for mass screening efforts, each assay 
~ I X identification, isolation, purification and 
Production of the assay components, using the assay of the 
ls Present invention, libraries of synthetic chemxcals or 
bloxogxoa\ molecules can be screened for detectxng 
molecuxet that have preferential binding to virtually any 
specified DHA sequence using a single assay system. 
seoonLy screens involving the specific DHA.protexn 
,„ xnteraSon may not be necessary, since xnhibxtory 
motecuxeTaetecL. in the assay may be tested directly on 
r^i=al system <eg.. the ability to Jisrupt vxral 
replication in a tissue culture or anxmal model) . 

25 c. sequences Targeted by the Assay. 

The DHA.protexn assay of the present xnventxon has 
heen ^signed to screen for compounds that bxnd a full 
of sequences that vary in length as veil as 

comnLlty. Sequence-specific DHA-binding molecuies 

„ Err trr^ ---=sr =■ 



WO 93/00446 



PCT/US92/05476 



51 

a) 



Examples of test sequences for the assay include, 
binding sequences of factors involved in the maintenance or 
propagation of infectious agents, especially viruses, 
bacteria, yeast and other fungi, b) sequences causing the 
> inappropriate expression of certain cellular genes, and o) 
sequences involved in the replication of rapidly growing 

"^^Furthermore, gene expression or replication does not 
necessarily need to be disrupted by blocking the binding of 
0 specific proteins. Specific sequences within coding 
regions of genes (e.g., oncogenes, are equally valid test 
sequences since the binding of small molecules to these 
sequences is likely to perturb the transcription and/or 
replication of the region. Finally, any molecules that 
5 bind DNA with some sequence specificity, that is, not just 
to one particular test sequence, may be still be useful as 
anti-cancer agents. Several small molecules with some 
sequence preference are already in use as anticancer 
therapeutics. Molecules identified by the present assay 
>0 may be particularly valuable as lead compounds for the 
development of congeners (i.e., chemical derivatives of a 
molecule having differenct specificities) with either 
different specificity or different affinity. 

one advantage of the present invention is that the 
25 assay is capable of screening for binding activity directed 
against any^ DNA sequence. Such sequences can be medically 
significant target sequences (see part X, Medically 
Significant Target Sites, in this section), scrambled r 
randomly generated DNA sequences, or well-defined, ordered 
30 sets of DNA sequences (see part 2, Ordered Sets of Test 
Sequences, in this section) , which could be used for 
screening for molecules demonstrating sequence pref erential 
binding (like Doxorubicin) to determine the sequences with 
highest binding affinity and/or to determine the revive 
35 relative affinities between a large number of differ nt 
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in taking either appr ach - 
fences, *"re is ^therapeutic agents. 

for de te=ting and/ordesigni 9 consideratlons for 

part 3 of this ■«*"»• f outlines the theoretical 
posing DNA target sites in a 

considerations for 

biological system. . m « icmn t target sequences. 

1) Medically "f 11 ^ tic8 are currently 
peM effective viral J**"* fc 8equen0 es for 

available; yet ^fbeen „ell-=h«acteri,ed 

^tiviral DHA-binding ee g»ence data on all 

^ermcre. with the viral genomes, cellular 

biological systems. » oludin * rla , tH „,i, eufcaryot^c 
gnomes, pathogen target sites for DK*- 

Lrasites. etc.), the number « ^ ta ture. 

b^ing drugs -ill ^Hite^ he defined as short 
HedicallY signifies* «■ palrs) that are 

MX sequences (approximately 4 1<jn of genetic 

^ired for the ^^ftbat bind regulatory 
material. W ^ ' Hill or replicatory factors, 
factors, either t^^ 1 a l t «ing gene or viral 
be ideal target sites My be ad eguat 

Session. secondly, coding ^ TBlraay . even 
target sites for ^^J^. may be of interest as 

shovm in Table 1. 
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genital warts, cervical 
carcinoma 



NFAT-1 

NFAT-1 
NFkB 



AIDS, ARC 

hepatitis 

cardiovascular disease 

cancer 
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,r^ f ^ain of replication, 
HPV origin of replication 

wrimkin 2 enhancer 
HIVLTR 

■ HBV enhancer 
Wbroaen promoter 
Oncogene promoter and 
coding seq uences 

• « a rr virus; EBNA, Epstein- 
deviations: Herpes simpler virus; 

Barr virus nuclear antigen, ^ paptl ioma virus; 

vz v. vericella "^'^ lon g terminal repeat; 

«*. Human i—"** 1 ^^ « cells; NFkB* nuclear 
NrKt , nuclear factor °f e defl „lency syndrome. 

Ia ctor KappaB; MDS. hepatlti= B virus; HHP. 

WC, AIDS related complex. 

hepatic nuclear biIlding pr cteins, Epstein 

P The origin of «P 110a "°" .„ (M binder. * 
„,. n „ r antigen 1 (i""" 1 ' . h human 

Barr virus nuclear ^ encoded by the n 

al ., Reisman. D. etal.). ^ (w hich is 

papilloma virus) (Chin. H-T.^ (BoG eoch,D.a. , et 

Lcoded by herpes simplex virus yP JMter vir us 

al.). and the homologous «^» nav9 short, « 11- 

(Stow. «.». — DS " S ° t^e viial genome and ar 
llfined binding \« a competitive 

therefore eJlcsH®' 1 i arlY recognition sequence, for DMA- 
binding drug. snarly r * ranscrlp tional regulatory 
binding proteins that a* as ^ Wviria DNA - 

f actors are also good ^ binding site for 

binding drugs. "-f-^",^ is required for th 
hepatic nuclear factor (»»» ■ (cnang , H .-K.>. 

expression of human hepatitis 
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sites in the human 



10 



_ mttat-i binding sites in 
and NFkB and NFA.T long terminal repeat (LTR) »f 

^ «, also shown in WW- ^nce-specific DHA- 
r ange of potential aPP^«^f le _ ^lear factor of 
binding »olecules. F °= regulatory factor that is 

activated « cells (^« ^T.^ of the interleufcin 2 

crucial to the a ^; ig nals fro- the antigen 

gene in response to J» ^ ^ oascaae o£ 

rt ceptor, wnich, in «». £ a £ ivatiotl (for review, see 
B olecalar events during T cell M chanism of action 

Edwards. c.A. and crabtree k and rKSOe. is 

of two i^osuppressants. V elcpr es.ion of NFAT— 1 

thought to he to blacK^eJ-nduc Howe ver. the 

(Sch-idt.A. - "I- and Baner^. s£ ^ ^ 

effects of these ^^^ically to the MFAT-1 
' in^e ^ ennan/er would he desirable as an 
, binding site in the n. 

^proved immunosuppressant. binalng drug rather 

Targeting the D HA site with _* DMi -binding 
t han targeting vi* a drug tha^aff ^ ^ current 

prot ein (P-^ ly is Advantageous for at least tw 
5 l^uhosuppressants) is ^ sxt for 

reasons: first, there , ar proteins (eg. . m th 

specific DHA sequences than epe " ^ ^ DN& _binding 

case of glucocorticoid * MOh ^ 

sites vs. about =0.000 P«*™*tL* >» »« e0ted by ' ™*~ 
„ secondly only ^^-h^ing drug would disable 
binding drug, while a P pro tein. 
all the cellular " 

An example of the latter p Fibrinogen lev 1 

, 4n the human fibrinogen promoter. 
HNF-! in the n. highly correlated factor 
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A drug targeted to either HNF-1 or 
cardiovascular disease Ad g^^^ ^ 

th. HIM >™ f S ^ ge n expression in individuals at 
used to decrease fxbrxnog ^ ove rexpre S sxon of 

hig h ris* for disease ±s require d for the 

fibrinogen. However, *™ ic genes , blocking 

session of a number * ^ Uver f action. In 
tne HNF-1 protein would b ^ ±& composed in 

normaX ceXXuXar ^-^^ - — » ^ e Z 
The assay has been * sequences of 

DHA sequence. Ks or microbiaX Parogen 

m edicaX ^" l0M *V^ e nces within or regulating the 
genomic sequences and ^appropriately expressed 

'expression of oncoaenes - o^r^ app^^ ^ ^ 

celluXar genes. In addlt " n nt invention is also 

entivirai drugs, the assay of p w . f « (i, 

applicable to ^J^: 1 ™ ^er infectious agent. <U> 
disrupting the M t*oli.m tiption o£ ^^nataly 



10 



15 



20 



25 



30 



appxx^ . . nlis]1 0 f other mrec^u 

disrupting the meta b ol33mO on ^ inappropria tely 

blocking or reducing th. 'J**™* \ s oncoge nes or genes 
expressed -^^^^rdisorders) , and (ill) the 
associated ^^^^^ of certain cellular 
enhancement or altera 

— • „ D efined sets^cf test aiseuss es 
the approach descrxbed broths , ^tracts, 

screening Xa„e "^^^inst specific medicaXXy 
or other mixtures of * ^ assay can aiso be 

eignif icant » ^f^f^er of » fences against 
utiXized to screen a Xarge relative af f xnxty 

— ^r^T- -T^osslbX defined specific 
f the single drug ror 
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sequence. For example, there are 4° possible sequences, 
where n = the number of nucleotides in the sequence. Thus, 
there are 4 3 = 64 different three base pair sequences, 4 4 = 
256 different four base pair sequences, 4 5 * 1024 different 
5 base pair sequences, etc. If these sequences are placed 
in the test site, the site adjacent to the screening 
sequence (the example used in this invention is the UL9 
binding site), then each of the different test sequences 
can be screened against many different DNA-binding 
molecules. The test sequences may be placed on either or 
both sides of the screening sequence, and the sequences 
flanking the other side of the test sequences are fixed 
sequences to stabilize the duplex and, on the 3' end of th 
top strand, to act as an annealing site for. the primer (see 
15 Example 1) . For example, oligonucleotides sequences could 
be constructed as shown in Figure 15 (SEQ ID NO i 18). In 
Figure 15 the TEST and SCREENING sequences are indicated. 

The preparation of such double-stranded 
oligonucleotides is described in Example 1 and illustrated 
20 in Figure 4A and 4B. The test sequences, denoted in Figure 
15 as X:Y (where X = A,C,G, or T and Y - the complementary 
sequence, T,G,C, or A), may be any of the 256 different 4 
base pair sequences shown in Figure 13. 

Once a set of test oligonucleotides containing all 
25 possible four base pair sequences has been synthesized (see 
Example 1) , the set can be screened with any DNA-binding 
drug. The relative effect of the drug on each 
oligonucleotide assay system will reflect the relative 
affinity of the drug for the test sequence. The entire 
30 spectrum of affinities for each particular DNA sequence can 
therefore be defined for any particular DNA-binding drug. 
The data generated using this approach can be used to 
facilitate molecular modeling programs and/or be used 
directly to design new DNA-binding molecules with increased 
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affinity and specificity. 

Another type of ordered set of oligonucleotides that 
may be useful for screening are sets comprised of scrambl d 
sequences with fixed base composition. For example, if the 
5 recognition sequence for a protein is 5'-GATC-3' and 
libraries were to be screened for DNA-binding molecules 
that recognised this sequence, then it would be desirable 
to screen sequences of similar size and base composition as 
control sequences for the assay. The most precise 

10 experiment is one in which all possible 4 bp sequences are 
screened; this represents 4* = 256 different test 
sequences, a number that may not be practical in every 
situation. However, there are many fewer possible 4 bp 
sequences with the same base composition (using the bases 

15 1G, 1A, IT, 1C; n! = 24 different 4 bp sequences with this 
particular base composition), which provides excellent 
controls without having to screen large numbers f 
sequences. 

3) Theoretical considerations in choosing 
20 biological target sites: Specificity and Toxicity. 

One consideration in choosing sequences to screen 
using the assay of the present invention is test sequenc 
accessibility, that is, the potential exposure of the 
sequence in vivo to binding molecules. Cellular DNA is 
25 packaged in chromatin, rendering most sequences relatively 
inaccessible. Sequences that are actively transcribed, 
particularly those sequences that are regulatory in nature, 
are less protected and more accessible to both proteins and 
small molecules. This observation is substantiated by a 
30 large literature on DNAase I sensitivity, footprinting 
studies with nucleases and small molecules, and general 
studies on chromatin structure (Tullius) . The relative 
accessibility of a regulatory sequence, as determined by 
DNAase I hypersensitivity, is likely to be several orders 
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'In inactive portion of the - 
of .agnize greater *« on the regulatory sequence* 

cellular genome. ^ aS viral regulatory or 

of cellular genes, as tQ cho ose for 

replication ^^iU -I!' — - S 

5 seleCt ^ g t rrpresent invention. seque nces to be 

assay of the pre ^ c hoosxng seque . ^ 

Another consxderatxo sen t invention xs tn 

the assay of the pj- discussed 
scr eened usxng £ ^ ^ „ce ^ 

^Tor tne nuclL protein target 
10 above fox ■ mole cules are s P eclfl ° ce compo sition 

small inhxbxtory m Both sequence c ** 

. -_ al cross reactive purther, certaxn 

with mxnxmax >-•»- uniqueness. tul 

and length effect ^^^U^ in the human genome 
sequences are found less frW mS , fo r example, 

l^n in ^e genomes of other ^ ition and codon 

15 than xn . Because of base c * distinctly 

^eTeTU — T C S «e^en tl y in — 

i-otio* CG is found much less £urtne r. in S™°< 

«>e dinucleotias sequence GC. ^ „ e 

a d o txmes, respe t sequenc s 

represented 34 and ^ as te st s 

regulatory sequences car b inhibito ry 
Lfping this bias - mxnd.^ ^ w ill be less 

25 i-ntif led whxch^xn^ 

illcelY to xnterfer© 9 e pair s l dp; 

=-r-e 4* = 2 56 dxffexeii d roughly 1-* x 

30 There are fap site lS found r g 

the surface, xt m y 
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vv,- cell because there 
. bp site »ight - .—^tr "ote-. several other 
«. so -any bindxn, Fir3t , most DSA xs 

considerations lns and is relatxveXy 

tightly capped m D1 m-binding molecuXes as 

inaccessiWe to ">°°»"£ iflc ^onucXeoXytxc digestxon 
. rate(1 by the nonspecinc Firtel, 
trXITatin L the nucXeus (Edwards. ^ 

^ive transcription units - -~ ^ThigTy 

„ bound in ~~~£JZZL - the sites that bind 
«posed regions of D-* xn chr by pHAase 

rsoTilatory factors. » Garrar a, W.T.). 

hypersensitivity (Gross D- ^ sensltl e « 

reguiatory sites Bay be "°^°° bulk of chro matin. This is 
, endonuoXeoXyti' attac* - _ se^enoes -th 

■ZZr«Z TS'.* "Tt^es hav 
anticancer drugs that bxnd ^ ^ oan be used as drugs 
^icientXy XOW Jinding sites for Xnown 

10 indicates that, if M* ' vir al target .fences 

arugs can he matched «^ ^ rently avaiXabXe drugs as 
lt « be ^ ^ oonoentr ations than they are 
an tiviraX a ° COT comitantXy Xower to*icxty. 

currently used, wxtn a 

« D .4-tem Matching for th 
25 _ _» Matrices and Pattern 

O. Using Test Matrxc* 

waiysis of Data. _ designed to use a 

■me assay desorxbed herexn ^ ^ seTienee - 

single D H*=protein ^~^ ial ^-binding molecules 
,0 specific and seguence-Prefer ied seque nce. By 

30 that can recognise vxrtuaXly ^ alte £or . singXe 

using sequences f XanHxng «»e J ^ Qf fl * 

O^protein interaction, v * Qf aata yiel aed by 

-XrentsX-ed as .trices and analysed by 
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blanking the recognxtxon segu bloc ked. 
sequences f lanJtxny pr otexn xs 

p^Uin the Wndlna of ^ occuxs hy 

Interference ««*«»» „ directly by steric 

<or WW - ~ '^Cperturhations transmitted to 

Tallosteric P—*-^.. wi XX W ^ lWt o 

B „th of these ^"^^ition hy <^e=t ster~ 
distant effects. *or ,„ oleo uXes is available 

hindrance direct data for vexr o ^^ce studie^ 

fro m methylation and ^ etby x moieties, the 

data -^f^VSL- effects to 4-5 ^ 
st eric effect is o£ Afferent sequences that 

pairs. Bven stiXX the ^number very smalX -oXecuXes 

can theoretically he tested f ^x^ions total 

• -till very large (i.e., 
° ? (-X024) different sequences, . . „. 

in practice, the — «•* 

^lored empirically for ^"^ 3 wl th increasing 

Txecuxes. * *f ^utSiy investigated. »- 

, 5 sequence complexity can he r sUing aeg enerate 

15 « b. accomplished e«^en«y ^ £ eotiae s in the 

^Xiaonucxeotides and -uxt«l-^ ^ d „t 

pro Tdes ^r^i - enpioyin9 *" 

oligonucleotxdes xn a 

«= in test matrices. , rtvin cr a specific 

T£ - - r^derrnta^r - specific 
pro tein and ""^^^in flawed by different 
Location ^« ^^Vthe recognition site can he 
sequences n extn 
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/H-p^ercnt molecules, 
use d to simultaneously sere enfor many -«e iB9 ^ 
including snail molecules, that h se , ue nces. 
Tor manual Be^enc- °r of . test matri* 

Figure 12 demonstrates »« COB petitor sequence 

y ietds information about the £Qr BOleoules that 

^ecificity « an — ^ of tfce 256 possible 
could preferentially 13) , oligonucleotide 

^nucleotide "•""^ these 256 seguences 

could be ^'^fj^ll bp recognition sequence of » 
mediately adjacent to ^ P ld<mtioal in each construct. 
oris ,SE Q ID *»»\?££JL that the — r. retard, 
in Figure 12 ^ DHR .. pr otein complexes ^ 

or blocks the formation °* nlxtur e had no marked 

"clution and -" A ~» of the 

e££e ct on OH*:prote »J» „ «. .»ovn in Table . 

results of the test 14BJU 
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25 
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s «ate how such a matrix provides 
^ese results specift c binding activity 

data on the presence of seance P 

Is a test »i*t»re and also provi o£ t st mlx 

Specific binding — «- 

4-v, different t st assays , ooi . ide s that contaxn 
'preferential affects the oligonucleotides 
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the sequence CCCT. Note that the sequence does not have to 
be within the test site for test mix #8 to exert an affect. 
By displaying the data in a matrix, the analysis of the 
sequences affected by the different test mixtures xs 

5 facilitated. 

E) Other Applications. 

The potential pharmaceutical applications for 
sequence-specific DNA-binding molecules are broad, 
including antiviral, antifungal, antibacterial, antitumor 
10 agents, immunosuppressants, and cardiovascular drugs 
sequence-specific DNA-binding molecules can also be useful 
as molecular reagents as, for example, specific sequence 

Pr0bS Is more molecules are detected, information about the 
15 nature of DNA-binding molecules will be gathered 

eventually facilitating the design and/or modifxcatxon of 

new molecules with different or specialized activities. 

Although the assay has been described in terms of the 

detection of sequence-specific DNA-binding molecules, the 
20 reverse assay could be achieved by adding DNA in excess to 

protein to look for peptide sequence specific protexn- 

binding inhibitors. 

The following examples illustrate, but in no way are 
25 intended to limit the present invention. 

Material " ""^ Methods 
Synthetic oligonucleotides were prepared using 
commercially available automated oligonucleotide synthe- 
30 sizers. Alternatively, custom designed synthetxc olxgo- 
nucleotides may be purchased, for example, from Synthetxc 
Genetics (San Diego, CA) . Complementary strands were 
annealed to generate double-strand oligonucleotides. 

Restriction enzymes were obtained from Boehrxnger 
35 Mannheim (Indianapolis IN) or New England Biolabs (Beverly 



WO 93/00446 



PCT/US92/05476 



, «er the manufacturer's directions. 
MO and were used as P~ * were obtaine d from Sigma 

Distamycin A and Doxorubxci obtain ed from 

(St L ouis, MO). Actxnomycxn D was 
Boehringer Mannheim or Sigma. 
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SSSSSI^BSS^ . scribes the preparation of (i) 

This example desc " be labelle d, and (ii) 
hiotinylated/digoxyginxn/radxo ^ ^ 

lab elled ^ le - Stean ^;^ Test sequences, 
screening sequence and selected 

x . Biotinylation. ^ ^ ^ described above. 

The oligonucleotides were p P binding si te, as 

The wild-type control "^J^. 4 . The screening 
gained from HSV, xs shov* ^ *^ ^ CGTTCGCAC tt 

sequence, i.e. in Tigure 4A. Typically, 

(SEQ IDNO:l) ^ ; ^^ 0 t he screening sequence ver 
sequences 5' and /°* e se quence (Figure 5). 

re placed by a select of a site-specif ically 
one example of the p > P outline d in Figure 4. An 

biotinylated oli ^ nUCle0tl ^ entary to the 3' sequences f 
oli gonucleotide primer complementary ^ eQtide was 

toc screening ^Z^M^ terminated at the 
synthesized. «*• -W" eo g rf ^ 

residue corresponding to ^ oligonU cleotide was 

screening sequence. containing the screening 

hybr idi Z ed to ^^XU -search -bor-ories 
sequence. Bxotxn-11 -dUTP < were added t 

> (BKL) , Gaithersburg the "suiting partially doubl- 

es complex (Fxgure 4) a " * * ^ separated from the 

str anded either pre-prepared C-25 

unincorporated nucleotxdes^usxng piscataway NJ) or 

Sphadex spin columns Nuclear) as per 

,.«*w S ORB« columns (New g 
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Manufacturer' s instructions . The regaining single-strand 
"axon wa^ converted to double-strands using polymerase 
fragment and dHTPs resulting in . fully double- 
stSnZ oligonucleotide. A second G-2S sephadex column 
S Z ied to purify the double-stranded oligonucleotide. 

5 rilgoTucleotides were diluted „ -^^T-Z-l'. 
npl „ H 7 5 . 50 mM NaCl, and 1 mM EDTA ana sw«u 
«' radiolabelling the complexes. »P-alpha-dCTP (*- 
^land Hudear, Wilmington, DE, replaced dCTP for the 

ri^cleTide^rUen radiolabeled with and 
oligon Beverly, MA). Preliminary 

Srt^ ^oyel radiolabeled. —e-stranded 
St , The oligonucleotides are prepared by 

15 * te P-erU * nucleotide .inland 
!!5 P - AT P, annealing the -top" strand full length 
oligonucleotide, and »f illing-in« with Klenow fragment and 
leoxynucleotide triphosphates. After phosphorylation and 
20 secona strand synthesis, oligonucleotides are separated 
from buffer and unincorporated triphosphates using G-25 
seladex preformed spin columns (IBI or Bxorad) . This 
P ™ is' outlined in rigure <B. The reaction conditions 
for all of the above Klenow reactions were as follows 10 
» mm Tris-BCl, pH 7.5, 10 mH HgCl !( 50 mH HaCl, 1 m 
25 ** Tr " * „ 33-100 pM deoxytriphosphates, 2 units 

dithioerythrxtol, o.3-> xuu >■ -i 

Klenow enzyme (Boehringer-Mannheim, Indxanapolxs IN) . The 
Kxe^ow reasons were incubated at 25-c for 15 
f h^. The polynucleotide Kinase reactions were incubated 
a t 37»C for 30 minutes to 1 hour. 

^rreo^es rsrr- - r 

ongonuKx ^ , rr_ 7 2 % 4 mM MgCl, , 1 mM 2- 

0.2 M potassium cacodylate (pH-7.2) , 4 mca g 2 , 
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1 bovine serum albumin. To 
mer ca P toethanol, and 0.5 dUTP (an analog of 

reaction "^J^^os^e, coupled to 

digoxigenin via an 11 atom P otidyl transferase 

xnaianapolis IK) and *«~^ ^ adde d. Tbe number of 
(GIBCO BBL» Gaitbersburg, ™»J using ^ metbod 

^-H-dUTP -oi*i~ only 1 or 2) as judged 

appeared to *e less ^ <*^U*^ * ^ 

by exectropnoretxc ^ of *nown 

treated fragment as cow* 

biotinylated - SES^^SS^ 

Th e above procure °» f ^ oleotlae containing the 
th. other strand by to the one shown in Figur 

screening sequence «-^-"^ to ^ 3' end of that 
, and a primer ^""^iotinylation Bictin-7-dKTP 
!0 .olecuie. « -"^^.aOTP. Biotinyxation was aiso 
was substituted for Biotin ^ ^ an 
ac =omplished by chemioa! sy^thet^ oratea ^ 

a ctivated noeleot , Xde ^ a artive group is subsequently 

„ -tr-rr^ — • — — 

aerivatives can also be use eo tides 

C. Radiolabellxng «- rad iolabelled with 
rir^r^uoleotide triphosphates and 
g amma-»P-MP or alpha P a ^ £ragnent of DBA 

30 T4 polynucleotide Kinase ^ reactl ons were 

polymerase, respectively. Betno ds recommended by 

permed in the buff-and by^th 

te manufacturers (New Eg oaitnerabu rg HD, or 

Be thesda ^search Laborator.es. 
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Boehringer/Mannheim, Indianapolis IN). Oligonucleotides 
were separated from buffer and unincorporated triphosphates 
using G-25 Sephadex preformed spin columns (IBI, New Haven, 
CT; or Biorad, Richmond, CA) or "NENSORB" preformed columns 
(New England Nuclear, Wilmington, DE) as per the 
manufacturers instructions. 

There are several reasons to enzymatically synthesize 
the second strand. The two main reasons are that by using 
an excess of primer, second strand synthesis can be driven 
to near completion so that nearly all top strands are 
annealed to bottom strands, which prevents the top strand 
single strands from folding back and creating additional 
and unrelated double-stranded structures, and secondly, 
since all of the oligonucleotides are primed with a common 
primer, the primer can bear the end-label so that all of 
the oligonucleotides will be labeled to exactly the same 
specific activity. 

Tlyanrole 2 
Pre paration nf the U T.Q Protein 

A. Cloning of the UL9 coding sequences into pAC373. 

To express full length TJL9 protein a baculovirus 
expression system has been used. The sequence of the UL9 
coding region of Herpes Simplex Virus has been disclosed by 
McGeoch et al. and is available as an EMBL nucleic acid 
sequence. The recombinant baculovirus AcNPV/DL9A, which 
contained the UL9 coding sequence, was obtained from Mark 
Challberg (National Institutes of Health, Bethesda MD) . 
The construction of this vector has been previously 
described (Olivo et al. (1988, 1989)). Briefly, the Narl/- 
J?col^ fragment was derived from pMC160 (Wu et al.) . Blunt- 
ends were generated on this fragment by using all four 
dNTPs and the Klenow fragment of DNA polymerase X 
(Boehringer Mannheim, Indianapolis IN) to fill in the 
terminal overhangs. The resulting fragment was blunt-end 
ligat d into the unique BamffJ site of the baculoviral 
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*r"xT3 (summers et al.)- in p vLl393 

b aculovirus vector, ^* 9 ? ^ ^9 gene was excxs d 

Zl/Ecol^ fragment -nta,nxng ^ ^ Rong , Ey e 

o«tor pEcoD (obtaxned from _ plasm id pEcoD 

from vector P* _ Bosto n, MA): „ sV , z tna t 
Research Institute, » ^ ent derived from HSV I 

, a i„s a 16.2 kb Ec QRI f ragmen Blunt -ends wer 

contaxns a « n et al .>. describ ed 

^erat^ oTtne --ontaining ;^ 
ST -J -—J- - blunt-ended «/- 

(Ausubel et al- / 59(1 

«r fragment. al , was digested wxth 

'^r, tiUea. »U vector 
. B= o*I and 1** U~» ™f " ena of coding regxon 
' contains 3S nucXeotides ^ ^ p cloning 

of the polyhedron RTG has M en »utat*d to ATT * 

5 «r/mo fragment was x^y 2l ana 

The EC0RI/W 9 Ita f transformed xnco x.. . 

the ligation mxxture trans p , asmids recovered 

vector, the « ■ selected. Plasmx iaestion and 

aapicillin resxstant c re strictxon dxgestxon 

from the clones were analyzed y ^ termxnal UL9 

,-mids carrying the xnsert wxt ^ poly hedron 

25 plasmxds c * ed to tn e 5 «a design ated 

coding sequences o pla smxd was 

ne were selected. 
P ^1393/^9 (Figure 7) . cted with 
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,n Grace's medium as described by 
sf9 cells were grown in Gra ^ cu 

SOBm ers et al. Tbe cells n (2 , 0 00 rp», for 5 

plates and ^ •* "f^ ^ wasbed once with 
Minutes, 4-C,. ^"^"TVaniatisetal.,. Cell 
5 pbospbate buffered saline , 0»> ^ iysis ^ oellB wer e 
pellets were frozen at 70 ^ 7-5> 10% 

^suspended in X.6 * , ^ aithi otnreitol 

glycerol, I-' « NaCl, 0.5 *» I E ^ fluorid e (SWF). 

10 cell lysates were cleared by ^ ltrpBj j. ilx , 

rrrr-' rrr.- ~ - - «« 



PMSF). ., laa extracts were prepared and 

^ese partially P-^ed«* ^ neces3ary 

^ed in OH»=protein ^ „ CEHTRIC0H 3 o» 

„+-<= were concentratea -= 
Xr t lon-vice (M i==n.-vers«„. 

D . cloning tbe Truncated of «* - 

me seo^ence encode, 1*e cjern ^^ ^ ^ 

3. flanxin, ^^^^ ^ bacterial expression 
segment, was subdoned xn« _^ ^ _ moalficati0 n 

25 vector, PSBX-3T '^/^ e " al. wbicb involved tbe 
° £ ^ ^""a Xtlin cleavage seguence in-frame w.tb tbe 
insertion of a tnromo „„ te m (gst) . 

g l u tatbione-S-transferase prote^jg ^ lsolatea 

9 A t , 194 bp '"^"ding tbe c-teruinal 317 

30 tbat contained a 95 1 bP reg-encod ^ ^ 

amino acids of Via and 243 bP 

region. „„ oarb oxy-terminal (0I.9-C0OH) 

1. ™ £coBI linK rs added 

ccntainin, fragment was ^blunt en ^ to 

35 as described above. Tbe B 
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. „t the OI.9 coding sequence to the 
.llew in-frame fusion of th UnJterea fragment was 

gs t-thrombin coding M*"""^. „„ pGEX-2T vector was 
U« — dl9Mted wih calf Intestinal Valine 

ai ,ested with SCOW. ***** vector isolated. Th 
Phosphatase («») and ^ li!I!>te d to the linear 

ZoZ leered «.-O0O. fragment ^ w ^formed 

vector (Figure 6) - «" resl3 tant colonies were 

into ». coii and a.P~^- & fro. the amplcl!!". 
selected. Plasmids T "ivzed W restriction enzyme 
Tesistant colonies .«*J^£L»* gst/thromhin/^- 



designated pGEX-2T/m,9-0O0 « t Protei". 

R . Egression of the Trunc ^ pG£X-2T/c- 

coli strain 0W» was transf o density 
' ^.cooH and was grown at ^ ljl0 ith » 

overnight. The o*— 1 **^ grown fro. one hour at 

M dium containing ^"^alacUide) (GIBCO-BKIO was 
30 .c. IPTG (isopropyllth« f g L ^ ^ouhatxon 

was continued for 2 5 n temperature shift ana 

25 — r.s were harvested ^J-^^^^T^ 
" in i/iOO culture volume ^ of «. ^ ioI> „ a 

Sa^o.. 4 *K Na^PO,). "I centr ifugation. 
iysates cleared of « lWlt * w over a glutathione 
1Y Tne fusion protein in aet ail by Smith et 

,„ agarose affinity column as descr .« inity column 

30 .I The fusion protein was elutad <* ^ ^ 

reduced glutathione fl . s m bot, 1 ~ 

nTT. 0.1 
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fusion protein) • supernat ant obtained from B»- . 

aliquot of the sup nta ining cells and 

lnd uced cultures of P^'^JUd, thrombin-cleaved 
L> ali^ot of the affxn xtyP yacryla mide gel 

protein were analysed *y ^is analysis is shown xn 
!Lctrophoresis. «» « su " Lp/C-<JI,9 fusion protexn x» 

^largest band in the lane ^f^^. The m~00. 
first lane contains protexn si. Figure 8, lane 3 is 

protein band (lane GST-*** + Thr ^ glutathione 
Z* band looated between 3C >J°* belos tne 30 KD sxse 
transferase protein *J^J£ a similar analysis was 
st andard. Xn a "■««^££ 9 . culture: it *»wed no 
per for»ed using the unxnd protein . 
protein corresponding xn sxze ^ if neaeasa ry, 

^aots - dialy^or^ ^ ^ m 

the extracts can « 

•• ^rnuro t noN 30" filter. 



the extracts — 

a "CENTHXCOK 30" f xl«r 

20 TTlnrfi"T * ssa ^ 



25 



30 



35 



A . sand shift gels. conta ining both labelled 

" NA :protein binding electrophoresis 

coaxes and free » (TDE) gels (Frexd 

on 4-10% poiyacrylamide/Trxs Bo ^ f ^ xe&t 

It al.; earner et ^J^^L*^ ° f ^ ^ 

^ x-ray f il m * xn 
"* ^U for hand shift patterns. 

„ Filter Binding Assays determining the 

I second method ,sed P»^de c omplexes is filter 
off -rates for protexn.oligonucleotxd^^^ ^ 

binding * B^'s filters) that have been 

Schleicher and Schuell, BA« vere plaoe d on a 

i:^ed in tin4in9 reactions 

vacuum filter apparatus. 
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(see below; typically 15-30 H) are diluted to 0.5 ml with 
binding buffer (this dilutes the concentration of 
components without dissociating complexes) and applied to 
the discs with vacuum applied. Under low salt conditions 
5 the DNA:protein complex sticks to the filter while free DNA 
passes through. The discs are placed in scintillation 
counting fluid (New England Nuclear) , and the cpm 
determined using a scintillation counter. 

This technique has been adapted to 96-well and 72-slot 

10 nitrocellulose filtration plates (Schleicher and Schuell) 
using the above protocol except (i) the reaction dilution 
and wash volumes are reduced and (ii) the flow rate through 
the filter is controlled by adjusting the vacuum pressure. 
This method greatly facilitates the number of assay samples 

15 that can be analyzed. Using radioactive oligonucleotides, 
the samples are applied to nitrocellulose filters, the 
filters are exposed to x-ray film, then analyzed using a 
Molecular Dynamics scanning densitometer. This system can 
transfer data directly into analytical software programs 

20 (e.g., Excel) for analysis and graphic display. 

revamp le 4 
Functional TTT.9 B ^rHncr Assay 
A. Functional DNA-binding Activity Assay 
25 Purified protein was tested for functional activity 

using band-shift assays. Radiolabeled oligonucleotides 
(prepared as in Example IB) that contain the 11 bp 
recognition sequence were mixed with the UL9 protein in- 
binding buffer (optimized reaction conditions: 0.1 ng 32 P- 
30 DNA, 1 ul UL9 extract, 20 mM HEPES, pH 7.2, 50 mM KC1, and 
1 mM DTT). The reactions were incubated at room 
temperature for 10 minutes (binding occurs in less than 2 
minutes) , then separated electrophoretically on 4-10% non- 
denaturing polyacrylamide gels. UL9-specific binding to 
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72 »ift in mobility of 

contaxnxng (+) ^ted » *** Rifled OL» 

purified ^ conWiniM ^ « af ^^ina protein 

bao teriaX geX >and-sn«t inditing 

bind ^e degree of -tract tna^eede^ 

• m order to obtain lv determined 

reaCti ° n ^ otigonucXeotide, was o4 . tne 

relative to the ox « lon/ extract. t^ted as 

preparatxo 1<y o£ ^act at w o^protem 

^'^e^d oXigonucXeotide appears « 



of tne DNA. 

20 



25 



30 



^ T*i*. o« ^» 5iati ™ is determined using a 

~ dissociation is se guence 

r ^iT r^ ;r - 

- s ^r^r^orUies,. 

^^otide Xinase ~ oXigonucXeotide «- 

«<-ltor DHA was a x/ g> 
The competitor bin ding site for u 

„ n . l6 , containing . binding reaci- 

IDN ;^ tfce competition assays tb ^ rf 

In were assembled wit ^belled 

(Example > placed on hours 

be£ ° r \„ tCU^ («aniatis et aX.» 

(run i** xo 
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«t. The dissociation rates, under these 
taction C °^^ S e - tr l cated ^ (UL9-C00H) and the full 
conditions, for the trun addition, 

xengtbrn* is tnatdidnot 

random oligonucleotides (a 10, o herring sperm 

contain tbe UL9 binding sequence ^"^^ 

„„* ,a 100,000-fold^ exces s> ver- te bUgonuoleotid e 

control DNAs competed for bxnax g 

containing tl-^™^™^^ Binding Assay 

% nrcir; « ~ - 

SySt6 !; effe cts of the following components on the binding 
tlon rites of UL9-C00H with its cognate bxndxng 
and dissocxatxon optimize d: buffering conditions 

site have been tested and op conC entration of 

of monovalent cation; 
buffer); typ. ^ cations a nd heavy «*tal-l 

presence of ^ ca tions at different 
temperature; varxous _ P yv nts at different 

concentrations; -different r^ ^ ^ _ 

concentrations. The . conditions given above 

evaluated starting wxth the reactx describ ed in 

and based on the dissocxatxon reactxon 

Example 4B. * A + inn - use d for the binding of UL9- 

- ° Pt ^tC«erTal exacts <B*ample ,» to 
i COOB contained m barter! sequence (SEQ ID 

-^----^rrrJ^. ph 7.,r« - -I, i 

BO:!, » e " n a n S 5 fOll 0 7;„ radiolabeled (specific activity, 

m DTT .' ° t ' el v Jo' "pm/M) or digoxiginated. biotinylated 
approximately 10 cpm/ngi ^.(^ pro tein 

„ oli gonucleotide probe ™* J ^ ^ ^ reaction mix, . 

preparation (1 mM EDTA ^ binds ver y rapidly and 

under Z« < boors at 4-C witn non- 

has a dissociation rate or m inutes with 

biotinylated oligonucleotide and 
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biotinylated oligonucleotides. The dissociation rate of 
£ 9 -COOH Changes markedly under different physical 
*7*io„s Typically, the activity of a CL9 protein 

5 related to the total protein content of the extract as a 
mettod of standardization. The addition of herring sperm 
^depended on the purity of m* used in the experiment 
Biding assays were incubated at 25-c for 5-30 minutes 

ai) Full length UL9 protein from the baculovirus 

10 SyStS The binding reaction conditions for the full length 
haculovirus-produced TJL9 polypeptide have also been 
baculovirus p __,,■« timm for the current assay 

optimized. The optimal conditions ror «i ,„„ _» 

were determined to be as follows: 20 mM Hepes; 100 mK 

15 Zl; 0.S mM dithiothreitol; 1 mH EDT*; 5* glycerol; from 

15 o to V-fold excess of sheared herring sperm DK*; 0.005 - 
0 1 ng radiolabeled (specific activity, approximately 10 
or algoxiginated, biotinylated oligonucleotide 
ST J Vl. « « Protein preparation. Thef u 1 

20 Hngth protein also binds well under the J**"" 1 
conations established for the truncated ^-COOH protein. 

TCyatnple 5 

v^o-fc c~ « W «m«Tirn Variation on the 

nff-Bate TTTi9 Protein 

25 The oligonucleotides shown in Figure 5 were 

radiolabeled as described above. The competition assays 
radiolabeled e 4B using xj^-cOOH. 

30 protein in binding buffer (typical -actxon: 0^ ng 
Oligonucleotide *P-DNA, 1 Ml ^9-COOH extract, 20 mM HEPES 

2 50 *E Ml. 1 MM EDTA, and 1 mM DTT) . The reactions 
were incited at room temperature for 10 minutes A .« 
point sample was then tafcen and loaded onto an 8% 
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polyacrylamide gel (run use TBE) . One /xg of the unlabelled 
17 bp competitive DNA oligonucleotide (SEQ ID NO: 16) 
(Example 4B) was added at 5, 10 , 15 , 20, or 60 minutes 
before loading the reaction sample on the gel. The results 
5 of this analysis are shown in Figure 9: the screening 
sequences that flank the UL9 binding site (SEQ ID NO:5-SEQ 
ID NO: 13) are very dissimilar but have little effect on the 
off -rate of DL9. Accordingly, these results show that the 
UL9 DNA binding protein is effective to bind to a screening 
10 sequence in duplex DNA with a binding affinity that is 
substantially independent of test sequences placed adjacent 
the screening sequence. Filter binding experiments gave 
the same result* 

15 Example 6 

The Effect of Aetinomvcin D . Distamycin A. and 
Doxorubicin on ITL9 Binding to the screening Sequence 
is Dependent on the Specific Test Sequence 
Different oligonucleotides, each of which contained 
20 the screening sequence (SEQ ID NO:l) flanked on the 5' and 
3' sides by a test sequence (SEQ ID NO: 5 to SEQ ID NO: 13), 
were evaluated for the effects of distamycin A, actinomycin 
D, and doxorubicin on UL9-COOH binding. 

Binding assays were performed as described in Example 
25 5. The oligonucleotides used in the assays are shown in 
Figure 5. The assay mixture was allowed to pre-equilibrate 
for 15 minutes at room temperature prior to the addition f 
drug. 

A concentrated solution of Distamycin A was prepared 
30 in dH 2 0 and was added to the binding reactions at the 
following concentrations: 0, 1 fM, 4 MM, 16 fM, and 40 /xM. 
The drug was added and incubated at room temperature for 1 
hour. The reaction mixtures were then loaded on an 8% 
polyacrylamid gel (Example 5) and the components separat d 
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vi f these gels are 
ele ctrophoreticaXXy. ^^^nces tested «ere as . 
shown in Figure 10A. * he ^ CCCG , SEQ ID NO=5; 

foXlows* «• poXyT. seq id »°- ; sEQ ID »° !8 ; -a D« 
^ GSG C, SEQ ID ""f^Its demonstrate that 

; „„, SEQ ID H0:7 - T di8topt , binding to ma poly*. 
Distamycin A pref erentxaily dxsrup 

poXyA and OIS ATAT. Act inomycin Dwas preparea 

x concen ^^"^Z bind ing reactions at the 
in aiy> ana was aaded to ^ ^ -n*. drug was 

0 following -"-^^r^J temperature for 1 hour . Equal 
added ana incubated at room t P ^ 
volumes of oH,0 were ^ on „ 8t polyacrylamide 

reaction mixtures were then load oonponents sep arated 
gel (W« « "^radiographs of these gels are 

a exectrophoreticaxly^ Autor ^ ^ ^ ^ ^ 

shown in Figure 10B. in aa £0 lXowing test 

t ested above Actinomycin D, « 

sequences were aXso tested ^ SEQ ID HO:X3. 
IDN o:li ; oriEco*, ^^ctinoBycinD preferentially 
20 These results demonstrate that ollgonuc ieotiaes OK> 

disrupts the binding of 0X9 to 

CCCG and OL9 OGGC. Doxorubicin was prepared in 

X concentrated solution D °^ ons at following 
a*, and was added to the binding ~£ ^ ^ _ aMea 
25 concentrations: 0 MM. W ■ J*"^ for x hour. Equal 
and incubated at room control samples . The 

volumes of d^o were added ^ poly acrylamide 

reaction mixtures were then loa ^ seoara ted 
g al (Example S) an of gels ar e 

30 alectrophoretically. -torad* £P ^ 

shown in Figure IOC. results demonstrate that 

as for Actinomycin D * alsrap ts the binding of OIS to 
DOX orubicin pref erentxa^y - ^ P^ ^ a „ a 

the oligonucleotides 
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ears to particularly disrupt the 
oriE co3. ^°- biCin e a ^::raction when the test sequence 
^screening sequence ^ test sequences for 

^ iE co3 is used. ^ ^; C Xyone^ase: an addit^nal 

oriE co2 and o^^rJL J t compare SEQ XD ».« and 

T residue inserted at pos 

SEQ ID NO:13- 

* BiotinJ*^ 

several methods exes . 
^und DNA from DOMProtexn cow 

,1) Magnetic beads auMrparaM gnetic polystyrene 
Ueptavidm-coniugat^ M . 

beads (Dynabeads M-280 ^ us ed to captur 

s=»-~ -3irr. s=rr 

incubation perxod t capture ot 

tlotlnylated ^^f^ tte beads can be retrieved by 
biotinylatedoli^clao^de tb ^ ^ ^ 

plate magnets are a 
then washed. 

{U) Agarose beads _ iM , obi lized D-biotxn, 

Lotinylated agarose beads J ^ gating the 

30 pierce. BoCcford. XW «* b ^ding buffer overnight at 
3 b eads «itb 6 0 >g/^l svxdxn xn^ and use d to 

..r. The beads are washed m » vitfe bxnaing 

biotinylated DH*- The bead s are s ^ 

eaptur bl °" n ^ bio tinylated ** 

mixtures to w 
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. "collection on a non-binding 

removed >v centrifugal" W on o£ ^ < 

"^or^er «* «- ^rr^-n ^ of 
a Ice of the oligonucleotide dep ollgonu cl.otide is 
presence 01 iaonu cleotide. If TO -.-ematant can 

5 xabelliW the „ beads and ln!DNi 

« di °Tf onL ^crvla.ide gel* ^f^phoresis. 

be Tt« the ^f^J - 9 can be placed 

- ~zsr£? r ^ t - -.ess: 

can be determined using 
detection system. 

, D ete=tion of ^r'digoxigenin-ll-d^ 

* he OH* is -^tetTio d^igenin moiety » 
™ The antigenic » oonja gate, anti- 

(E «mple » • antibody-enzyme 

al9 .o OT , a0 -.^ y a c £ s«eptavidin to bind biotin. 
DNA or ^ -descent - *^ 

D igoxigenin-labelled sys tem "SO™*** 

. 1L chemiluminescent dete ^ . us e of 

using the wopix. Inc - ( „„„.„s I1A and 

The technique can filters. 
11B. Tne either beads or m terminal 

been capered on el * cleo tides , vhich hav 

wiotinylated oixg» fEx ample 1) » are cap 

^-containing residues (Exa I > ^ aS 

dig oxygenxn con^ ^ ^ aga rose bead- ( ^ 
on magnetic (Figur ^ ^ isolated ^ 

d escribed above J* by incubation 

5 block non-specif^ 



20 



25 



30 
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. , to , 30 minutes at room 
b lo=King buffer '^nucleotides is ***** 

temperature. The ^"""J^^ated antibodies to 
-lag aixalin. ^° S ^" ^n-aiXaUne phospfcat.se 
digoxygenin. 0.75 unit./ul. Boehringer 

iannhei.) is incited -it** ^ ,^-HCl, pH 

aecanted, and the — pre -eouilibrated with 2 
, « 150 OH HaCl. The sample is P _ ^ 

lashed - - - sodium ..35 - 

incubated in the same hu" ^^^Icxy) pbenyl-1.2- 
spiroada»antane>-<^*b^-«^ • _ M at roo . 

dioxetane disodium salt (W > ^ Inc ., B s a 

^perature. ^ a^Xine phosphatase, W- 

c*«dluminescent subs«ate^ ^ resm iting 
, dephosphorylation of ™ Bteaay lesion of light 

decomposes, releasing a pr 

- t 4 77 nm. „ filters and the emission 

Sxcess li^id is removed x n. £ aephosphoryl ation of 
of Xight occurring as . fcy expo sur e 

,„ MffPD by alkaline phosphates _ inoBe ter. 
10 Tx-ray «U- or by is resuspended 

In solution, tb. »-*«^ r and ABPPD and measured 
to »t SOUTHERN LIGHT" assay buff screenina assays 

directly in a l«- inomet f- x plate -reading luminometer 
25 are performed -smg V« «e» t P iyj ^ Suhpicogra. 

(Dynatech " borat °"T!' 10> attMl oles (an attomole is 10 
^entities of » <« « *° ^ ^ ^ 8ysteB xn 

(U ) colorimetric Detection. Mtr . o 

Standard .valine P^"^ aetectio n reacti ns. 

- *~ states" int^ <-nitrophenyl Phosphate 

Typically substrates 
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. , Results of colorific 
(Boehringer Hannhe*. • * e *£ tes (as above) using a plate 
Z evaluated in »ultiwell Devica s. Henlo Park 

feaaing ^^T^ ^ ^ ^ " 
sensitive than xne 

described with reference 
Uhile the invention has been appreciated 

parting to- «- ^ ntion - 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

,1, APPLICANT' Edwards, Cynthia A. 
(l) cantor, Charles R. 

Andrews, Beth M v 

DMA-Binding Molecules 
, lU , NUMBER OF SEQUENCES s 18 

CO ™Z^Zr:^ OF PETER — 
W STREET: P.O. Box 60850 
(C ) CITX: Palo Alto 
(O) STATES CA 
(B) COUNTRY* USA 
<F > ZIP* 94306 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPES Floppy disk 
' ' compatible 

(D) SOFTWARE: Patentln Relea 

{vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B ) FILING DATES 

(C) CLASSIFICATIONS 

<-> ^L^r^r s o 7r ,ei8 

FILING DATES 21-*»*** 
(C ) CLASSIFICATION: 

(A) NAMEs Fabian, Gary 
B REGISTRATION NUMBHR^^ ,87 & ^ 

(C ) REFERENCE /DOCKET NUMBER. 
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fAl TELEPHONE: (415) 

IA) LENGTHS H * aae pa 
TYPE: nucleic acid 
(C) STRANDBDNESS: double 
(D> TOPOLOGY", linear 

(ii) MOLECULE TYPE: UNA (genomic) 
( iii) hypothetical: no 

(1 v) ANTI-SENSE: NO 

affinity 

CGTTCGCACT T 

(2) INFORMATION FOR SEO. ID NO: 2 s 

SEQUENCE CHARACTERISTICS: 

(B ) TYPE: nucleic acid 

(C ) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

w «tte TYPE: DMA (genomic) 
(ii) MOLECULE TX*=- 

(Lit) HYPOTHETICAL* NO 

(iv) ANTI-SENSE: NO 



11 
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affinity 

TGCTCGCACT T 

|U SEQUENCE CH^BACTBRISTICS-. 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
, D) TOPOUOGY* linear 

(ii) MDl«ECOI^l TYPE: DNA (genomic) 
(iii) HYPOTHETICAL' NO 
(iV ) ANTI-SENSE* NO 

<- CSS 1 — — - SEQ ' 7 - "T SEQ ' 

(xi) SEQUENCE DESCRIPTION: SEQ » NO:3: 
GCGCGCGCGC CTTCC^CTT CCGCCCCCCC 
(2) XOTOBMMIpN FOR SEQ I* 5 NO: 4: 

(i) SEQUENCE CB^^^ 

(B ) TYPE: nucleic acid 

(C) STRRNDEDNESS : double 

(D) TOPOLOGY: linear 

(U) HOXXCULE TYPE: 



30 
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(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSEs NO 

(Vi) ORIGINAL SOURCES 

(C) INDIVIDUAL ISOLATES UL9Z2 TEST SEQ. / vu* 

(Xi) SEQUENCE DESCRIPTIONS SEQ ID NOs4« 
GGCGCCGGCC GTTCGCACTT CGCGCGCGCG 
(2) INFORMATION FOR SEQ ID NOsSs 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 30 base pairs 

(B) TYPEs nucleic acid 

(C) STRANDEDNESSs double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(Vi) ORIGINAL SOURCE: assay seq . 

(C) INDIVIDUAL ISOLATE: UL9 CCCG TEST 56« / 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5s 
GGCCCGCCCC GTTCGCACTT CCCGCCCCGG 
{2 ) INFORMATION FOR SEQ ID NOs6s 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 30 base pairs 

(B) TYPEs nucleic acid 

(C) STRANDEDNESSs double 

(D) TOPOLOGY s linear 
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(U) MOLECULE «»• U» «— ^ 
(ill) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: HO 

ts^'*-' " 6060 SEQ " ' " ***** SEQ * 

(xi) SEQUENCE DE SC R XPTXC NS SEQ ID NO: 6: 
GGCGGGOGCC GTTCGCACTT GGGCGGGCGG 
(2) i OT 0RMA«O» FOK SEQ » 

(l) SEQUENCE CHARACTERISTICS: 
.A) 30 base pairs 

(B ) TYPE: nucleic acid 

(C ) STRMIDED«ESS: double 

(D) TOPOLOGY * linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(i v> ANTI-SENSE: MO 

~ 9 ATAT TCST ~ ' ~" SEC ' 

(xi) SEQUENCE DESCRIPTION! SEQ ID HO: 7s 
ggatatatac gttcgcactt TAATTATTGG 
(2) INPOBHATION POR SEQ IO NO:S: 

m SEQUENCE CHARACTERISTICS: 
(1) S (A) LENGTH: 30 base pairs 
(B ) TYPE: nucleic acid 



30 
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(C ) STPANDEDNESS: double 

(D ) TOPOLOGY: linear 

{U) MOLECULE TYPE: genomic) 
(iii) HYPOTHETICAL: NO 
{i v) MITI-SENSE: NO 

(3ti) SEQUENCE DESCRX.XION: SED, *> *>.■- 
OC^^C GTTCGCACTT UlUl*"" 

(i) SEQUENCE CHABACTERISTICS: 

(A) LENGTH: 30 base paxrB 

(B ) WE: nucleic acid 

(C ) STBANDEDNESSx double 

(D ) TOPOLOGY: linear 

MOLECULE TYPE, UNA (genomic) 
(iii) HYPOTHETICAL: NO 
(i v) ANTI-SENSE: NO 

SEQ. 

MWOT TT= OTTCCC^CTT •T«T««« 
<2) IOTOB ««o» FOR OS » 



30 
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(i) SEQUENCE CHARACTERISTICS : 
(A) I^NGTB: 30 baae pa^ra 
{B ) TYPE: nucleic acid 

(C ) STRANDEDNESS: double 

(D) TOPOLOGY* linear 

HOI^cai* TYPE- D«A (genomic) 

HYPOTHETICAL : MO 
(iv) ANTI-SENSE: MO 

tsss 1 — • - ^ - seq - ' " 9 -~ SEQ ' 

{xL) SEQUENCE HESCRIPTIOM: SBQ » 
GGACGCACGC GTTCGCACTT GCAGCAGCGG 
(2) INFORMATION FOR SEQ *> MO:ll: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 baae paura 
{B ) TYPE: nucleic acid 

(C ) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

{ii ) MOLECULE TYPE: DMA (genomic) 
(iii) hypothetical: NO 
(iv) ANTI-SENSE: NO 

ASSAY SEQ. 
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30" 



gcgtatatat ccxtcccact reared 

w IN*OBMA«ON *OH SEO XO NO: 12: 

(i) SEQUEL CH^CTERISTICS: 

(A) LENGTH: 31 base pairs 

(B ) TYPE: nucleiC 

(C , STPANDEDNESS: double 

(B) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(i ii) hypothetical: no 

(iv) ANTI-SENSE: NO 

- — oriEC ° 2 SEQ * 7 " ASSM SEQ * 

(xi) SEANCE - 10 MOSl2! 

GGCGAATTCG ACGTTCGCAC TTCGTCCCAA T 

(2) IN POBMATION » « » M ° Sl3S 

(1) SEANCE CHABACTEKISTICS- 
^ {A) LENGTH, 32 baae pa,rs 

2YPE: nucleic acrd 
(C) STBANDBDNESSt double 
{D ) TOPOLOGY: linear 

n type: DNA (genomic) 
H 0LECtJLE Txrt. 

llU) HYPOTHETICAL: NO 

(i v) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GGCGAATTCG ATCGTTCGCA CTTCGTCCCA AT 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: WILD TYPE 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
AAGTGAGAAT TCGAAGCGTT CGCACTTCGT CCCAAT 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(Vi) ORIGINAL SOURCE: 
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(C) INDIVIDUAL ISOLATE: TRUNCATED UL9 BINDING SITE, COMPARE 
SEQ ID NO:l 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 
TTCGCACTT 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: HSVB1/4, SEQUENCE OF COMPETITOR DNA 

MOLECULE 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GGTCGTTCGC ACTTCGC 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(ill) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: UL9 BINDING SITE, HSV oris 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
CGTTCTCACTT 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA- (genomic) 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: UL9 ASSAY SEQUENCE, FIGURE 15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GCGTAANNNNCGTTCGGACTTNNNNCTTCGTCCGAAT 
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IT IS CLAIMED: 

1. A method of screening for molecules capable of 
binding to a selected test sequence in a duplex DNA, 
comprising 

5 (i) adding a molecule to be screened to a test system 

composed of (a) a DNA binding protein which is effective to 
bind to a screening sequence in a duplex DNA with a binding 
affinity that is substantially independent of said test 
sequence adjacent the screening sequence, but where said 

10 protein binding is sensitive to binding of molecules to 
such test sequence, and (b) a duplex DNA having said 
screening and test sequences adjacent one another, wherein 
the binding protein is present in molar excess over the 
screening sequence present in the duplex DNA, 

15 (ii) incubating the molecule in the test system for a 

period sufficient to permit binding of the compound being 
tested to the test sequence in the duplex DNA, and 

(iii) detecting the amount of binding protein bound to 
the duplex DNA before and after said adding. 

20 

2. The method of claim 1, wherein the screening 
sequence/binding protein is selected from the group 
consisting of EBV origin of replication/EBNA, HSV origin of 
replication/UL9, VZV origin of replication/UL9-like, and 

25 HPV origin of replication/E2 , and lambda o L -o,/cro. 

3. The method of claim 2, wherein the DNA screening 
sequence is from the HSV origin of replication and the 
binding protein is DL9. 

30 

4. The method of claim 3, wherein the DNA screening 
sequence is selected from the group consisting of SEQ ID 
NO:l, SEQ ID N0:2, SEQ ID NO:15, and SEQ ID NO:17. 
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5. The method of claim 1, wherein said detecting is 
accomplished using either a gel band-shift assay or a 
filter-binding assay. 

5 6. The method of claim 1, wherein the test sequences 

are selected from the group consisting of EBV origin f 
replication, HSV origin of replication, VZV origin of 
replication, HPV origin of replication, inter leukin 2 
enhancer, HIV-LTR, HBV enhancer, and fibrinogen promoter. 

10 

7. The method of claim 1, where the test sequences 
are selected from a defined set of nucleic acid sequences. 

8. The method of claim 7, wherein said defined set of 
15 DNA sequences has [X N ] N combinations, where X N is sequenc 

of deoxyribonucleotides and the number of 
deoxyribonucleotides in each sequence is N, N is greater 
than or equal to three. 

20 9. The method of claim 8, wherein N is 3-20. 

10. The method of claim 9, wherein N is 4-10. 

11. The method of claim 10, wherein N is 4 and the 
25 number of combinations is 256. 

12. The method of claim 1, wherein said detecting 
includes the use of a capture system that traps DNA free of 
bound protein. 

30 

13. The method of claim 12, wherein th captur 
system involves the bi tinylation of a nucleotide within 
th screening s quence (i) that does not eliminat the 
protein's ability to bind to the screening sequ nee, (ii) 
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that is capable of binding streptavidin, and (iii) wherein 
the biotin moiety is protected from interactions with 
streptavidin when the protein is bound to the screening 
sequence. 

5 

14. The method of claim 1, wherein said binding 
protein is present in a molar concentration less than or 
equal to the molar concentration of the screening sequence 
present in the duplex DNA. 

10 

15. The method of claim 7, wherein said defined set 
of nucleic acid sequences are all possible sequential 
combinations of a number of deoxyribonucleotides , N, 
wherein N is less than 20 and more than 2. 

15 

16. The method of claim 15, wherein N is less than 10 
and more than 2. 

17. The method of claim 16, wherein N is 4. 

20 

18. A screening system for identifying molecules that 
are capable of binding to a test sequence in a target 
duplex DNA sequence, comprising 

a duplex DNA having screening and test sequences 

25 adjacent one another, 

a DNA binding protein that is effective in binding to 
said screening sequence in the duplex DNA with a binding 
affinity that is substantially independent of said test 
sequence adjacent the screening sequence, but which is 

30 sensitive to binding of molecules to said test sequence, 
wherein the binding protein is present in molar excess over 
the screening sequence present in the duplex DNA, and means 
for detecting the amount of binding protein bound to the 
DNA. 



35 
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19. The system of claim 18, wherein the test 
sequences are selected from the group consisting of EBV 
origin of replication, HSV origin of replication, VZV 
origin of replication, HPV origin of replication, 

5 interleukin 2 enhancer, HIV-LTR, HBV enhancer, and 
fibrinogen promoter. 

20. The system of claim 18, where the test sequences 
are selected from a defined set of nucleic acid sequences. 

10 

21. The system of claim 20, wherein said defined set 
of DNA sequences has [ X N ] N combinations , where X N is 
sequence of deoxyribonucleotides and the number of 
deoxyribonucleotides in each sequence is N, N is greater 

15 than or equal to three. 

22. The system of claim 21, where said 
deoxyribonucleotides are selected from the group consisting 
of deoxyr iboadenosine, deoxyr iboguanosine , 

20 deoxyr ibocytidine, and deoxyr ibothymidine. 

23. The system of claim 21, wherein N is 3-20. 

24. The system of claim 23, wherein N is 4-10. 

25 

25. The system of claim 24, wherein N is 4 and the 
number of combinations is 256. 

26. The system of claim 18, where the screening 
30 sequence/ binding protein is selected from the group 

consisting f EBV rigin of replication/EBNA, HSV origin f 
replicati n/UL9, VZV origin of replicati n/UL9-like, and 
HPV origin f replication/E2, and lambda o^-o^/cro. 
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27. The system of claim 26, wherein the DNA screening 
sequence is from the HSV origin of replication and the 
binding protein is UL9. 

5 28. The system of claim 27, wherein the DNA screening 

sequence is selected from the group consisting of SEQ ID 
NO:l, SEQ ID NO:2, SEQ ID NO:15 and SEQ ID NO:17. 

■J 

29. The system of claim 28, where the DNA screening 
10 sequence is SEQ ID NO:l. 

30. The system of claim 29, where the U residue in 
position 8 is biotinylated. 

15 3i. The system of claim 30, where said detection 

means includes streptavidin, and the streptavidin is bound 
to a solid support. 

32. The system of claim 31, where streptavidin is 
20 used to capture the duplex DNA when it is free of bound 

protein. 

33. A method for inhibiting the binding of a DNA- 
binding protein to duplex DNA, comprising 

25 contacting a compound with a duplex DNA which contains 

a test sequence adjacent a screening sequence, where th 
DNA binding protein is effective to bind to the screening 
sequence with a binding affinity that is substantially 
independent of said test sequence, further where the 

30 binding of said compound to the test sequence inhibits the 
binding of the protein to the screening sequence. 

34. The method of claim 33, wherein the compound is 
identified by the steps of 

35 preparing a series of duplex nucleic acid fragments, 
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each containing a test sequence composed of one of the 4N 
possible permutations of sequences in a sequence of base 
pairs having N-basepairs, where said test sequence is 
adjacent the screening sequence, 
5 measuring the binding affinity of the DNA binding 

protein to each of the series of nucleic acid fragments in 
the presence of the compound, and 

selecting the compound if it lowers the binding 
affinity of the DNA binding protein for the screening 
10 sequence* 
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TEST SEQUENCE 



SCREENING SEQUENCE 




Fig. 1A 
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Fig. 1C 
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12345678911 
5 ' AAGTGAGAATTCGAAGCGTTCGCACTTCGTCCCAAT 3' 

GAAGCAGGGTTA 5' 



+ BIOTIN-ll-dUTP 
+ KLENOW ENZYME 



5' AAGTGAGAATTCGAAGCGTTCGCACTTCGTCCCAAT 3' 

UGAAGCAGGGTTA 5' 



B 

PURIFY, THEN ADD 
dNTPS + KLENOW 



5 • AAGTGAGAATTCGAAGCGTTCGCACTTCGTCCCAAT 3 1 
3* TTCACTCTTAAGCTTCGCAAGCGUGAAGCAGGGTTA 5' 

B 

PURIFY, THEN ADD 
DIG-ll-dUTP + 
\/ TERMINAL TRANSFERASE 

ODD 

5' AAGTGAGAATTCGAAGCGTTCGCACTTCGTCCCAATUUU 3' 
3 ' TJUUTTCACTCTTAAGCTTCGCAAGCGUGAAGCAGGGTTA 5 1 
DDD B 



PURIFY 



DDD' 



B 



•DDD 



Fig. 4 
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Screening 

Test Sequence: Sequence: Test Sequence 



UL9Z1 5 ' -GCGCGCGCGCGTTCGCACTTCCGCCGCCGG-3 ' 

Z-DNA 



UL9Z2 5/ -GGCGCCGGCCGTTCGCACrrCGCGCGCGCG-3 ' 

Z-DNA 

UL9 CCCG 5 ' -GGCCCGCCCCGTTCGCACTTCCCGCCCCGG-3 ' 

UL9 GGGC 5 ' -GGCGGGCGCCGTTCGCACTTGGGCGGGCGG-3 ' 

UL9 ATAT 5 ' -GGATATATACGTTCG CACTTTAATTATTGG- 3 ' 

UL9 polyA 5 ' -GGAAAAAAACGTTCGCACTTAAAAAAAAGG-3 ' 

UL9 polyT 5 ' -GGTl^ri'lTCGTTCGC^ ClTlTlTl ' TTT GG-3 ' 

UL9 GCAC 5 ' -GGACGCACGCGTTCGCACTTGCAGCAGCGG-3 ' 



ATor i- 1 5 ' -GCGTATATATCGTTCGCACTTCGTCCCAAT-3 ' 

oriEco2 5 ' -GGCGAATTCGACGTTCGCACTTCGTCCCAAT-3 ' 
oriEco3 5 ' -GGCGAATTCGATCGTTCGCACTTCGTCCCAAT-3 ' 

Fig. 5 
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UL9 COPING (3,077bp) 



fATG 



BamHI/EcoRV 



tac 



thrombin 

J!LJ5!_ 



i 



ITAA 



B 



ATG TAA 
PGEX-2T 



UL9 



RV 



taaI 



Lacl q Amp 



,1 



EcoRI^ 

T4 DNA I 
ligasek- 



Klenow 
EcoRI linkers 
(10 mer) 

B 



I 



Rl- UL9 



Rl 



B 



TAA 



ta? gst Rl 

-to 1 « UL9 1 — lh- 



T 



ATG thrombin 



Rl 



1 



TAAI 



B=BamHI 

N=Narl 

Nh=Nhel 

RI=EcoRI 

RV=EcoRV 



FUSION 9S* 
PROTEIN: N^ 1 -— 



thrombin 
4 UL9 



COOH 



28 kdal + 35 kdal = 63 kdal 
(255 aa) (316 aa) 



Fig. 6 
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UL9 polyA 
UL9 polyT 
UL9 ATAT 
UL9 CCCG 
UL9 GGGC 
oriEC02 
oriEC03 
ATori-1 
UL9 poly A 
UL9 polyT 
UL9 ATAT 
UL9 CCCG 
UL9 GGGC 
oriEC02 
oriEC03 
ATori-1 



Pig. 10B 
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GATC AGTC TAGC CGAT 

GACT AGCT TACG CGTA 

GTCA ATCG TGCA CATG 

GTAC ATGC TGAC CAGT 

GCTA ACTG TCAG CTAG 

GCAT ACGT TCGA CTGA 



Fig. 14 



TEST SCREEN TEST 
5 1 - GCGTAAXXX XCGTTCGCACTTX XyXCTTCGTCCCAAT - 3 1 
3 1 - CGCATTYYYYGCAAGCGTGA&YYY YGAAGCAGGGTTA - 5 ' 

PRIMER 



Fig. 15 
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